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quantified with this analytical system. PETN required a 215-tm detector for
detection and was assayed by HPLC using a Spherisorb ODS column and an eluent
of 407 acetonitrile in high-purity water. Each of the analytical systems
was evaluated for linearity, precision, and sensitivity using SARM reference
solutions of the five munitions. Linearity was obtained over a concentra-
tion range of 100 to 2,000 ng/l for each munition, and the sensitivities of
the techniques were 5 ng munition injected on colum.

The analytical techniques were employed to evaluate sample preparation
techniques for the isolation of the munitions froe four animal tissues and
two plant matrices. A defined sample preparation technique was validated by
preparing and analyzing duplicate samples of the matrix spiked at five dif-
ferent levels with the munitions and matrix blanks on four separate days.
The sensitivity of the developed method was to be 100 ng/g for each munition.
The sample preparation procedures defined for RDX, DNT, and TNT in animal
plasma, kidney, and liver samples were similar and consisted of extracting a
weighed sample diluted with a 10% sodium chloride solution containing 17
acetic acid three times with toluene. The toluene extracts were dried, the
residue dissolved in 1.0 al HPLC eluent containing an internal standard, the
sample filtered through a 0.45-p Fluoropore filter, and an aliquot of the
prepared sample injected onto the HPLC system. For the macle/fat and plant
stem matrices, a different extraction solvent was necessary to eliminate a-
trix component interferences in the HPLC determination of RMX, DIT, and TNT.
Acetonitrile was employed for extraction of the muscle/fat matrix and 2% iso-
propanol in hexane was utilized to extract the munition from the plant stems.
After extraction, a protocol similar to the one described above was followed
to prepare the samples for KPLC injection. During these studies, tetryl was
included in all samples; however, no HPLC peaks for tetryl were observed in
any of the matrices studied using a variety of sample preparation techniques.
Studies on tetryl indicated absorption of the munition to the protein or other
macromolecules present in the matrices. Statistical evaluation of the data
by the Hubaux and Vos detection limit program gave the following detection
limits for RDX, DNT, aud TNT in the various matrices: plasma RDX, 146 ng/ml,
DINT, 246 ng/ml, TNT, 248 ng/ml; kidney - RDX, 95 ng/g, IE, 179 njg/, TNT,
211 ng/g; muscle/fat - RDX, 62 ng/g, IT, 66 ng/g, TNT, 66 n8/g; liver - RDX,
58 ng, DIET, 50 ng/g, TNT, 50 ng/g; and plant stems, DNT, 65ng/g, TNT, 9Ong/g.
The 58 ng/S RDX detection limit in the liver matrix is questionable since
the blank liver samples contained a component which co-eluted with RDX and
represented 113 t 18 ng/g RDX. A more realistic R3D detection limit in the
liver matrix is 150 ng/8 (blank liver value plus two standard deviations).
No method was defined for RDX, DINT, TNT, and tetryl in the plant leaves ma-
trix. The procedure defined for the extraction of FETI from animal plasm
utilized hexane as the extracting solvent. The detection limit determined

for PTE in plasma was 50 ng/ml. The other animal and two plant matrices
could not be assayed for PETN using simple extraction techniques because
many 215 =a adsorbing natrix components were extracted with each solvent)
evaluated, and the HPLC analytical system was not able to isolate the PETN
from these interferences.
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SUMMARY

The primary objective of this research program for the U.S. Army
Toxic and Hazardous Materials Agency was to define simple, quantitative,
ensitive analytical methods for the determination of cyclotrimethylenetri-

nitramine (RDX), dinitrotoluene (DNT), trinitrotoluene (TNT), 2,4,6-trini-
trophenylmethylnitramine (tetryl) and pentaerythrite tetranitrate (PETN) in
four animal tissues (plasma, kidney, muscle/fat, and liver) and two plant
matrices (leaves and stems). High performance liquid chromatography (HPLC)
was selected as the analytical technique for this research project because
it had the necessary sensitivity, linearity, precision, accuracy, and sepa-
ration characteristics for the detection and quantification of the munitions
at low levels, i.e., 100 ng/g. An HPLC analytical system was defined which
separated RDX, DNT, TNT, and tetryl in a single chromatographic analysis
and with an ultraviolet (UV) detector at 254 am, detected and quantitated a
minimum of 5 ng of each munition injected on column. This analytical system
consisted of a Spherisorb ODS, 5 p, 250 x 4.6 mm ID column; a 28-30% aceto-
nitrile in 1% acetic acid in water eluent; and a flow rate of 1.5 ml/min.
The analytical technique was employed tu evaluate sample preparation proce-
dures to isolate the munitions from the various matrices. Simple liquid-
liquid or liquid-solid extraction techniques were defined for the determin-
ation of RDX, DNT, and TNT in each of the animal tissues and for DNT and
TNT in the plant stem matrix. Tetryl could not be analyzed in any of the
matrices because it apparently adsorbed to the protein or other macromole-
cules present in the matrix. Matrix components which interfered with HPLC
elution positions of RDX and DNT prevented the definition of a simple extrac-
tion technique for these munitions in the plant leaves matrix. Each of the

developed sample preparation techniques gave a linear response to the muni-
tion during validation of the method. The methods were validate,by prepar-
ing and analyzing duplicate samples of each matrix spiked at five different
levels and matrix blanks on four separate days. The summary table presents
the linear regression equations and correlation coefficients for each muni-
tion for the various matrices and gives the detection limit for the munition
as determined by the Hubaux and Vos detection limit program.

PETN required a 215-nm UV detector for quantification and a
slightly different IIPLC eluent and could not be analyzed with the other
munitions. The analytical system defined for PETN utilized the same HPLC
column and 40% acetonitrile in high-purity water (the use of an acid modi-
fied with this system was not possible since the organic acid has absor-
bance at 215 rm). The system had the necessary sensitivity and linearity

to provide quantitative data at the 100 ng/g level. Studies were conducted
to define sample preparation procedures tor PETN in the biological matrices.
A simple liquid-liquid extraction technique was developed and validated for

PETN in plasma. However, simple extraction of the other matrices was not
sufficient for PETN determination as a number of components with 215 nm ad-
sorption were also extracted and interfered with the HPLC determination of
PETN. The summary table gives the linear regrcssion, correlation coefficienc,3 and detectio" limit for PETN in plasma.
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I CONCLUSIONS

I Quantitative HPLC analytical methods have been defined for the
determination of RDX, DNT, and TNT in animal plasma, kidney, muscle/fat,
and liver samples; DNT and TNT in plant stems; and PETN in plasma. A sim-
ple liquid-liquid or liquid-solid technique was employed to isolate the
munitions from the biological matrix followed by reverse phase HPLC to
separate the munitions from each other and matrix components; detection and
quantification were by UV at 254 nm for RDX, DNT, and TNT and 215 nm for
PETN. Each of the developed methods has the necessary linearity, precision,
accuracy, and sensitivity to quantitate low levels, i.e., approximately 100
ng/g, of the munitions.

Methods were uot defined for tetryl in any matrix due to apparent
adsorption of the munition by macromolecules in the matrix. HPLC interfer-
ences from the matrix prevented method definition for RDX in plant stems;
RDX, DNT, and TNT in plant leaves, and PETN in animal kidney, muscle/fat,
and liver and plant leaves and stems. Additional studies are necessary
using more elaborate sample preparation procedures such as adsorption or
partition column chromatography to define those methods.

II
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Additional studies using more elaborate sasple clLr7up procedures
should be conducted for the isolation of RDX, DNT, and TNrT i,. the plant ma-

'trix and PETN in all matrices except plasma. The cleanup pricedures recom-
mended for future study include double liquid-liquid extraction using sol-
vents with different polarity, adsorption colum chromatography, and/or
partition column chromatography. These techniqu es may provide sufficient
cleanup of the biological samples so they can be saalyzed by the defined
KFLC analytical techniques.

The results and statistical evaluation of the data for the IKPLC
determination of RDX, DNT, and TNT in plasma and kidney matrices were ob-
tained using a spiking series of 0, 100, 500, 1,000, 1,500, and 2,000 ng/g.
For the other atrices, the spiking series was 0, 50, 100, 200, 500, and
1,000 ng/g. The plasma and kidney matrices should be reanalyzed using the
secood series so that the statistical evaluation of the data by the Hubaux
and Vos detection limit program will provide dete:tion limits cloaer to the
values observed during the assay of these Famples. The Iubau.x aod Vos detec-

tion limit program uses the standard deviation at the various levels to deter-
mine the confidence of analysis at that level. As would be expected, the
standard deviation at a level of 2,000 ng/g is substantially higher than at
100 ng/g. Dv using more low level spiked samples, as is done with the second
series, the .candard deviation term is lower, giving a more accurate detection
limit. Another means of calculating the detection limit is to replace the
standard deviation term with a relative standard deviation term. Then. the
percent variation at each level, which is usually relatively constant over
a concentration range, is employed to define the detection limit.
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I. INTRODUCTION

Under Contract No. DAAKlI-79-C-0110, entitled "Identification or
Development of Chemical Analysis Methods for Plants and Animal Tissues,"
.jjudies have been conducted to define quantitative analytical methods for
the determination of various munition compounds in biological matrices.
The munition compounds evaluated included cyclotrimethylenetrinitramine
(RDX), dinitrotoluene (DNT), trinitrotoluene (TNT), pentaerythrite tetra-
nitrate (PETN), and 2,4,&--trinitrophenylmethylnitramine (tetryl). The
biological matrices selected for study were animal plasma, kidney,
muscle/fat, and liver and plant leaves and stems.

The analytical methods were to be able to detect and quantitate
the munition compounds at the 100 ng/g (parts per billion) level and were
to be designed to utilize readily available analytical instrumentation, to
be able to analyze a number of samples in a routine manner, and to be cap-
able of providing the final results in a relatively short time. The devel-
oped methods my have application in assessing the environmental contamina-
tion of these munitions in the plants and animals at munition production
facilities or in the immediate area.

This report describes the research effort to develop the analytical
methods for munition compounds in biological matrices.

II. EQUIPMENT AND MATERIALS

(A. Equipment

The instrumentation employed during the course of the research
program consisted of:

I. Isocratic HPLC instrument consisting of a Waters Model 6000A
pump, Waters Model U6K injector, Waters Model 440 UV detector (254 nm filter),
and a Heath-Schlumberger Model SR-204 strip chart recorder.

2. Isocratic HPLC instrument consisting of a Waters Model 6000A
pump, Waters Model U6K injector, Varian Model UV-50 variable wavelength
detector (190 to 700 nm), and a Heath-Schlumberger Model SR-204 strip chart
recorder.

3. General purpose centrifuge, Dyrac, Clay Adams 0101, with
24-place and 8-place heads.

4. A Waring multi-speed blender with a glass container.

5. A Teflon-glass motor driven homogenizer.

9C
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B. Lnboratory Glassware and Equipment

1. Culture tubes (Pyrex) with Teflon-lined screw caps.

2. Volumetric flasks (100 ml).

3. Volumetric syringes (0-100 pl, 0-500 pl, and 0-1,000 pl).

4. Automatic pipettor (0-5 ml).

5. Filtering apparatus including filter holders, 5-ml disposable
syringes, and 0.45 p Fluoropore filters.

6. Inert gas (nitrogen) drying train with 12 ports.

7. Inert gas (helium) apparatus for degassing HPLC eluents.

C. Chemicals

1. Toluene, hexane, ethyl acetate, isopropanol, and acetonitrile,
"Distilled in Glass" grade from Burdick and Jackson. Note: Solvents of
lesser quality should rot be employed or interfering peaks -ay be observed
on the HPLC chromatograms.

2. Acetic acid, sodium chloride, and ammonium dihydrogen phosphate,
ACS grade.

3. High purity water from a Milli-Q water purification system.

4. RDX, DNT, TNT, PETN, and tetryl SARMs from the U.S. Army Toxic
and Hazardous Materials Agency.

5. Internal standards - propiophenone, butyrophenone, and valero-
phenone, analytical grade.

D. Animal Tissues and Plants

The various animal tissues, plasma, kidney, muscle/fat, and liver,
to be studied were obtained from cattle at the time of slaughter at a local
(Kansas City, Missouri) slaughter house. The cattle blood was collected in
250 m! centrifuge tubes containing heparin (to prevent clotting), placed in
ice, and transported to Midwest Research Institute (RRI). Upon arrival at
MRI, the blood was centrifuged and the plasma transferred to culture tubes.
The plasma was frozen and stored at -80*C until use in method development.
The kidney, muscle/fat, and liver samples obtained at the same time as the
blood were placed in freezer bags and transported to MRI in ice chests con-
taining dry ice. Upon arrival at MRI, the tissues were cut into pieces
(approximately 2-in. squares), placed in freezer bags, and stored at -'800C
until use in method development.

6
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Plant leaves and stems were obtained from a horse pasture. The
leaves, including grass, and the stemis were placed in freezer bags, trans-
ported to MRI in ice chests containing dry ice, and stored at -80*C until
use in method develupment.

E. Reference Stock Solutions

Reference stock solutions of each munition compound and internal
standard were prepared and stored at 4°C. The tetryl stock solutions were

wrapped in foil to prevent degradation by UV light.

1. Munition Stock Solutions: Approximately 20 mg to the nearest
0.1 mg of munition compound SAR1 (RDX, DNi', TNT, PETN, and tetryl) were
weighed into separate 100-ml volumetric flasks and the weight recorded.

Each munition was dissolved in acetonitrile and volume adjusted to 100 ml.
The concentration of each muntion was 200 pg/ml. A 20-ml aliquot from the
RDX, DNT, TNT, and tetryl stocks was quantitatively pipetted into a 100-ml
volumetric flask and the volume adjusted to 100 ml with high-purity water.
The concentratiGn of RDX, DNT, TNT, and tetryl in this stock solution was
40 pg/mi. A 20-ml aliquot from the PETN stock was quantitatively pipetted
into a 100-al volumetric flask and diluted to volume with high-purity water
(PETN concentration - 40 pg/ml). The PETN stock was prepared separately
from the other munitions since the analytical technique for PETN was differ-
ent from the method for RDX, DNT, TNT, and tetryl.

2. Internal Standard Stock Solutions: Approximately 10 mg to
the nearest 0.1 mg of each internal standard (IS) (propiophenone, butyro-
phenone, and valerophenone) were weighed into separate 100-ml volumetric
flasks, the weights recorded, and the sample diluted to volume with aceto-
nitrile. The concentration of each IS was 100 pg/ml. A 10-pg/ml stock of
each IS was prepared by quantitatively pipetting 10 m1 of the 100-pg/ml stock
into separate 100-ml volumetric flasks and diluting to volume with acetoni-
trile.

* F. Calculation of Data

The data obtained during this program were calculated using the
relative weight response (RR) to an internal standard method. Reference
solutions of the munition compounds were assayed and the RWR of each com-
pound determined by Eq. 1.

Peak Height_ pd ng/ml s
RWR Cpd/IS = Peak Height Cp) ng/ml Cpd

Peak Height IS ng/mi 15 Eq 1

It
The RWR v3lue of the reference solution was then employed to calculate the
level of the munition in a prepared sample aliquot by:

ng Cpd Peak Height Cpd ng/ml IS
aliquot - Peak Height IS RWR Cpd/IS (Eq. 2)

[7



If the sample taken for analysis was 1.0 ml or 1.0 g, the ng Cpd/aliquot
Was equal to ng Cpd/ml or parts per billion (ppb) compound in the sample.
If the sample taken was not 1.0 ml or 1.0 g, the ng Cpd/ml was calculated
by dividing the ng Cpd/aliquot by the same volume or weight.

The data obtained for the ana']his of duplicate samples at five
levels on four separate days for each munition were subjected to statistical
analysis. The average of the eight data points at each level, the standard
deviation, coefficient of variation (relative standard deviation), and per-
cent inaccuracy were determined by the following equations.

Average = Tx/n = x (Eq. 3)

x = data point; n = number of data points

Standard Deviation = ( ) (iq. 4)nn1

Coefficient of Variation = o/x x 100 (Eq. 5)

Percent Inaccuracy = ng/i Cpd Found - ng/g Cpd Addedng/g Cpd Added x 100 (Eq. 6)

The data were also subjected to linear regression analysis and the slope,
y-intercept, and correlation coefficient determined for each munition in
each matrix. The detection limits for the munitions in a matrix were
determined by the Hubaux and Vos detection limit program and were generated
at the U.S. Army Toxic and Hazardous Materials Agency.

III. ANALYTICAL (INSTRUMENTAL) TECHNIQUES

The first phase of the research program was to define and validate
the analytical techniques to be employed for the determination of RDX, DNT,
TNT, PETN, and tetryl in the various biological matrices. Each munition
compound was scanned from 350 to 200 nm to determine the wavelength maxima
and extinction coefficients. These data indicated that RDX, DNT, TNT, and
tetryl had sufficient UV chromophores at 254 no for detection and quantifi-
cation by HPLC. However, PETN gave a minimum at 254 am and a maximum at
215 = and required a different detection system than the other munitions. 1
Studies were conducted to determine the HPLC conditions necessary to separate
RDX, DNT, TNT, and tetryl and to define an internal standard (IS) for calcu-
lation purposes. Also, the HPLC conditions necessary to analyze PETN were
evaluated. The various HPLC systems evaluated during the project are suma- I
rized in Table 1. The development of each of these methods is presented in
detail in the following paragraphs. I

S ~.
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A. RDX, DNT, TNT, and Tetryl J{PLC Parameters

Previous studies t on these munitions had shown that each could be
analyzed on a reverse phase column (Waters VBondapak C-18). The separation
of the four compounds in a single HPLC system had not been demonstrated.
Two reverse phase HPLC column3, pBondapak C-18, 10 p, and Spherisorb ODS, 5
p, were evaluated using methanol or acetonitrile in 1% acetic acid elucnts.
The initial studies were conducted using interim SARs of RDX, DNT, and TNT;
no interim SARH for tetryl was available. The results iniicated that base-
line separation of RDX, DNT, and TNT was possible with either column or or-
ganic solvent. The elution position of TNT varied depending on the eluent;
with methanol, TNT eluted prior to DNT and with acetonitrile, after DNT.
The peak shape was superior with the Spherisorb column, and acetonitrile
was expected to be employed in the sample preparation of biological matrices
(see Section IV). The Spherisorb column with an acetonitrile eluent 1,as

selected (HPLC System I). Two possible IS's were identified, propiophenone
(IS-1) and butyrophenone (IS-2). The retention volumes for the three muni-
tion compounds and the two IS's on the Spherisorb ODS, 5-p column with a
40% acetonitrile in 1% acetic acid eluent were: RDX - 8.5 ml, propiophenone -

13.5 ml, DNT - 16.5 ml, TNT - 18 ml, and butyrophenone - 21 ml. A short
linearity study indicated that the three munitions gave a linear response
from 25 to I0,OOD ng/ml and that 3 ng injected on column could be detectpd
and quantitated. The results of the linearity study are stmmarized in Table
2. The raw data and calculations are given in Tables A-1, A-2, and A-3 of
Appendix A. Table 2 gives the relative weight response (RWR) for each muni-
tion to both IS's at the various concentration levels studied and presents
the linear regression evaluation of the ratios of the peak heights of com-
pound to IS to the ng/ml compound present. Figure I presents an HPLC chro-
matogram of a reference solution containing 50 ng/ml of each munition (2.5
nS of each compound injected on column) on the Spherisorb ODS column with
the 40% acetonitrile in 1% acetic acid eluent.

The evaluations described above were conducted using interim SARs
of RDX, DNT, and TNT. After receiving the SARMs for each munition from the
U.S. Army Toxic and Hazardous Materials Agency, reference stock solutions
as described in Section II.E. were prepared. The HPLC system defined above
did not separate TNT and tetryl, and additioial studies were conducted to
determine the necessary parameters for separaLion. Changes in both the or-
ganic phase concentration and the aqueous phase modifier were evaluated.
Separation of the four munition compounds was possible with a 20% acetonitrile
in 0.035 M amonium acetate, pH 7 eluent (HPLC System II). Figure 2 presents
a representative HPLC chromatogram for the separation of the four munitions
with this system. Butyrophenone (IS-2) was not included with this system
because it had a. elution time of over 40 min. The linearity of this HPLC
system was evaluated for the four compounds by preparing and analyzing dup-
licate SARM reference solutions at 100, 500, 1,000, 1,500, and 2,000 ng/ml.

T Doali, J. 0., and Juhasz, 3. Chromatog. Sci., 12, 51 (1974); Yinon, 3.,
CRC Critical Reviews in Analytical Chemistry, December 1977; and
personal comunication from Dan Helton, MRI, on USAMBRDL contracts.
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EPLC Parameters

IS-i Column - Spherisorb ODS, 5 Pi

IS-2 Eluent - 40% CH 3CN in water con-
taining 1% acetic acid

Flow Rate - 1.5 mi/in
Chart Speed - 0.2 in/min
Detector -UV, 254 rimt
Injection -50 uil

U Sample Characteristics

3 _____ rg
Compound Injected

3TNT 2.5
DNT 2.5
RDX 2.53Is-i 12.5
IS-2 25

I Retention Indices

Retention Retention< IVolume Time
Compound (ml) (min)

IDNT TNT 18.0 12.0
__DNT 16.5 11.0
TTRDX 8.5 5.5

RDX Is-i 13 9.0
IS-2 21.0 14.0

mIn. 7.5 15 22.5 ml

5 10 15 min

Figure I - HPLC Separation for TIlT, DNT, RDX and Internal Standard

*on the.Spherisorb ODS Column
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The results are are summarized in Table 3. The raw data and calculations
are given in Table A-4 of Appendix A. The constant RWR values over the
concentration range indicate a linear response. The precision of the analytical
technique is shown in the relative standard deviations from the average RWR
value for each munition compound.

I During the initial sample preparation procedure evaluations for
the determination of RDX, DNT, TNT, and tetryl in the various biological
matrices, both the PLC System I and System II were employed. HPLC System
I was used with interim SARHs until tetryl was available and found to co-
elute with TNT. Then, HPLC System II was defined and utilized for sample
preparation procedure studies on plasma, liver, kidney, and muscle/fat tis-
sues. During these evaluations, problems were encountered with the HPLC
system. The analytical column appeared to deteriorate (i.e., poor resolu-
tion between the various munitions) after about 20 injections of biological

* matrix extracts, and an increased HPLC pump pressure occurred after a few
injections. HPLC System II was not satisfactory for the routine determina-
tion of the munitions in biological matrices. Another study was conducted
to evaluate the HPLC conditions necessary to resolve the munition compounds.
A new Spherisorb ODS column was used and a 1% acetic acid aqueous phase with
various acetonitrile levels was studied. Complete separation of the four
munitions compounds was obtained with the new column and an eluent of 30%
Iacetonitrile in 1% acetic acid (HPLC System III). The precision and linear-
ity of this system was evaluated and these data are presented in Technical
Reports 1, 2, 3, 4, and 6 in Appendices B through E and G for RDX, DNT, and
TNT. Tetryl was not included in these data since the determination of tetryl
in the biological matrices was not possible (see Section IV). HPLC System
III proved to be stable and reproducible and wAs utilized for each of the
methods developed for RDX, DNT, and TNT determination. Slight changes in
the retention indices of the munitions occurred with fresh eluent or a change
in the analytical column. A 1 to 2% adjustment in the acetonitrile content
of the eluent was required to obtain the desired resolution.I __

B. PETN HPLC Parameters

As mentioned earlier, PETN required a 215-nm detector for detec-
tion and quantification. A system similar to the one defined for the other
munitions but employing a 215-nm UV detector was desirable to allow the anal-
ysis of any of the munitions with only slight modifications. Acetic acid
(and other organic acids) have characteristic UV absorption at 215 nm; thus,
a system containing only acetonitrile and high-purity water was developed.
A relatively long chromatographic time for PETN was necessary since many of
the biological compounds that may be present in the prepared sample also I
absorb at 215 am and a long retention volume may allow the isolation of PETN
from interfering compounds. The HPLC parameters which met these criteria
consisted of a Spherisorb ODS, 5-p column and an eluent of 40% acetonitrile
in high-purity water. An internal standard of valerophenone eluted prior
to PETN but late enough in the chromatogram to isolate the IS from possible
interfering peaks. Precision and linearity data for PETN for this system
(HPLC System IV) are presented in Technical Report No. 5 in Appendix F.

15
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TABLE 3

HPLC PRECISION AND LINAITY OF RDX, DNT, TNT, AND TETRYL
SARM RF LM.NC" SOLUTIONS

SARN
Reference ng/ml
Solution Each Relative Weight Responses
NO. Munition RDX TNT DNT Tetryl

I-A 100 1.08 1.00 1.17 0.58
I-B 100 0.98 0.89 1.07 0.63

2-A 500 0.97 0.85 1.05 0.62
2-B 500 0.95 0.86 1.02 0.62

3-A 1,000 0.91 0.85 1.06 0.50
3-B 1,000 0.90 0.88 1.08 0.49

4-A 1,500 0.98 0.89 1.05 0.59
4-B 1,500 0.91 0.91 1.04 0.59

5-A 2,000 0.98 0.90 1.06 0.56
S-B 2,000 0.91 0.87 1.03 0.57

Avgrase 0.96 0.89 1.06 0.58
SD ±0.06 ±0.04 t 0.04 ± 0.05
RSDC 5.8% 4.8% 3.8% 8.3%

Peak Height Cpd ng/ml ISa Relative Weight Response Peak Height IS ng/ml Cpd

b SD = Standard deviation.
c RDS - Relative standard deviation.

16
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i IV. SAMPLE PREPARATION PROCEDURES

i The analytical techniques for RDX, DNT, TNT, and tetryl and for
PETN, defined in Section III, were employed to evaluate sample preparation
procedures for the quantitative determination of the munitions in animal
plasma, kidney, muscle/fat, and liver and in plant leaves and stems. The
primary objective of the research program was to develop sample preparation
procedures which provided quantitative data on the various munitions at the
100-ng/g level. These procedures were to be validated by analyzing duplicate
matrix samples spiked at five levels and matrix blanks on four separate days.

Another objectivL of the program was to provide sample preparation
proccdures which were relatively simple and routine and had application for
a variety of matrices. Plasma was selected as the first matrix to be evalu-
ated. During the evaluations of procedures for plasma level determination
of the five munitions, samples of the other matrices were also studied to
determine the potential of the plasma technique for kidney, muscle/fat, liver,
plant leaves, and plant stems sample preparation. A summary of the sample
preparation techniques evaluated for the five munition compounds in the six
biological matrices is given in Table 4. These studies are presented in
detail in the following sections.

A. Animal Plasma

The assay of organic compounds with intermediate polarities in
plasma samples can usually be accomplished by precipitating the plasma pro-
tein with an organic solvent such as acetonitrile or ethanol and injecting
the supernatant onto a reverse phase HPLC column. The technique is success-
ful because most of the plasma components are fairly polar and can be sepa-
rated from the compounds of interest. Reverse phase HPLC has the capability
of separating compounds with similar chemical and physical properties, i.e.,
DNT and TNT; the elution order of the technique is based on the polarity of
the compounds, the more polar compounds being eluted first. The polar plasma
components may be eluted early in the chromatographic analysis followed by
the munition compounds.

1. RDX, DNT, TNT, and Tetryl in Plasma: Acetonitrile was selected
as the organic solvent for plasma protein precipitation since it was utilized

in the HPLC eluent. Initial studies with this technique were conducted using
HPLC System I and interim SARMs of RDX, DNT, and TNT. These experiments
with this simple technique for sample preparation of plasma were encouraging.
Blank plasma samples had little interference at the elution position of the
munitions; and acceptable recovery, i.e., greater than 75%, was obtained
for plasma containing 10 pg/ml of each munition. However, after the plasma
sample had been precipitated with acetonitrile, the resulting solution did
not contain a sufficient munition concentration to detect and quantitate
the compounds at the lO0-ng/ml 2evel. By concentrating the acetonitrile-
plasma supernatant and Lhen diluting to a final volume of 1.0 ml, a munition
concentration of 100 ng/ml was detectable. This procedure is outlined below.

17I
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Plasma Sample Preparation Uing Acetonitrile

1. Pipette 1.0 ml plasma into a Teflon-lined screw cap vial.

2. Add 2.0 al acetonitrile. Note: When spiking the plasma with
the munition compounds, add the proper level of munitions in
a small volume of acetonitrile and mix thoroughly. Then,
add acetonitrile to make the total acetonitrile volume 2.0
ml.

3. Mix thoroughly on a vortex mixer and allow to stand a minimum
of 2 hr at 4*C to completely precipitate the protein.

4. Centrifuge at 1,000 rpm for 10 min.

S. Transfer the supernatant to a properly labeled culture tube.

6. Wash the precipitate with 2.0 ml acetonitrile.

7. Centrifuge and add the supernatant to the first supernatant.

8. Concentrate to about 100 Vl on a 40*C hot plate under a stream
of nitrogen. Vote: Do not allow the sample to evaporate to
dryness or the munition compounds may be lost.

9. Add 500 pl acetonitrile containing the internal standards
and mix thoroughly.

10. Add 400 pl 1% acetic acid in high-purity water and mix
thoroughly. Note: Final volume is approximately 1.0 ml.

11. Filter the prepared sample through a 0.45-p Fluoropore filter
into a properly labeled culture tube. 1

12. Analyze an aliquot (50-70 p1) by HPLC using HPLC System I.

This technique was evaluated by preparing and analyzing duplicate
plasma aliquots spi.4-d with RDX, DNT, and TNT at the following levels: 0,
100, 200, 400, 750, 1,000, and 2,000 ng/al. The results showed that a plasma
component co-eluted with RDX preventing the quantification of this munition.
Excellent recovery of DNT and TNT was obtained at each level; these data
are suimarized in Table 5; the average recovery and standard deviation of
DNT and TNT for these plasma samples was 99 ± 4 and 102 ± 5, respectively. I
Figures 3 and 4 present representative HPLC chromatograms for a blank plasma
and a plasma containing 200 ng/ml RDX, DNT, and TNT using this sample prep-
aration procedure and HPLC System I.
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EVALUATION OF ACETONITRILE PRECIPITATION PROCEDURE FOR THE
DEEMNTO OF DNT AND TNT IN PLASMlA

- Plasma ,gU*aFud
ll "nition g/v l % RecoveryCINumber Plasma Added DNT TNT DNT TNT

1-A 1.0 0 ND ND--
1-B 1.0 0 ND ND-

2-A 1.0 100 94 95 94 9532-B 1.0 100 94 96 94 96

3-A 1.0 200 194 196 97 9853-B 1.0 200 195 198 98 99

4-A 1.0 400 386 392 96 98
4-B 1.0 400 401 405 100 101

5-A 1.0 750 717 742 96 99
5-B 1.0 750 728 777 97 104

6-B 1.0 1,000 1,022 1,087 102 109

7-A 1.0 2,000 2,118 2,200 106 110
7-B 1.0 2,000 2,059 2,156 103 108

Average 99 102IStandard Deviation t 4 t 5

3a ng/ml munition added -Nanograms of RDX, DNT, and TNT added to 1.0 ml
plasma.

b ngfml found - Nanograms DNT and TNT found per milliliter plasma, RDX

not included due to plasma component interference.

c % Recovery = ng/ml Found x 100
ng/.l Added

Note: Detection of RDX was not possible due to an interfering
plasma con4pon nt.

1' 23
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. ... . . .

.... ... 4HPLC Conditions
I .Column: Spherisorb ODS, 5 u,

----------. 250 x 4.6 m ID
1 1Eluent: 40% acetonitrile in 1%

I ,acetic acid in water

•. " --
4  ""Flow Rate: 1.5 al/mmn

X Chart Speed: 0.2 in./min

J.-- . .. . Detector: UV, 254 nm
' I

S .. tSample Characteristics

1.0 ml Plasma precipitated with

jacetonitrile. Supernatant concen-
. trated to about 100 ul, diluted

with 500 iul IS stock, and 400 V1

1% acetic acid in water. Sample
I I filtered and analyzed.

'IS-21

----. .. . '_ ..... IS Concentration: 200 ng/ml IS-I

RDX 400 ng/ml IS-2

I . . .... Injection Volume: 50 ul

IDV'1 I Attenuation: 0.005 X

i

I

.N 0

Inj.1 7.5 15 Ml

5 10 min _

Figgire 3 - HPLC System I Analysis of Blank Plasma Sample for Method
Development Using Acetonitrile Precipitation Technique. "X"

indicates plasma component eluting at the RDX elution position.
Arrows show elution positions for RDX, DlTr, and TNT.

24



RPLC Conditions

x Column: Spherisorb ODS, 5 1j,
250 x 4.6 mmID

Eluent: 40% acetonitrile in 1%I acetic acid in water
Flow Rt:1.5 mi/min
Chart Speed: 0.2 in./min
Detector: UV, 254 nm

Sample Characteristics
IS-2

*N 1.0 ml Plasma containing 200 ng/ml
DNT RDX, DNT, and TNT precipitated with

acetonitrile. Supernatant concen-
trated to about 100 4l, dilutedI TNT

1 D 1 with 500 p1 IS stock and 400 p1
1% acetic acid in water. Sample

I filtered and analyzed.

IS Concentration: 200 ng/ml I5-1

1 400 ng/ml IS-2

Injection Volume: 50 p1I Attenuation: 0.005 X

15 10 min

Figure 4 - HPLC System I Determination of RDX, DNT, and TNT in Plasma
Sample Prepared by Acetonitrile Precipitation Technique. 'T'
indicates plasma. component co-eluting with RDX.
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During these plasma sample evaluations, the SAR RDX, DNT, TNT,
PETN, and tetryl were obtained from the U.S. Army Toxic and Hazardous
Materials Agency. The UV characteristics of tetryl indicated that this
munition had a sufficient UV chromophore for detection and quantification
at 254 mm. PETN cannot be analyzed at 254 nm and required a different UV
detector. Tetryl was combined with RDX, DNT, and TNT and method develop-
ment on the four munitions in plasma conducted. Attempts to separate the
four munition compounds using HPLC System I were unsuccessful. Another
HPLC System (II) was defined whicii provided baseline separation of the four
munitions. Evaluations with this system and the acetonitrile precipitation
procedure were conducted on samples of plasma, kidney, liver, and muscle/fat.
Only plasma and muscle/fat samples could be assayed for the munitions, and
the plasma component which co-eluted with RDX in earlier studies was still
not completely resolved from RDX. Also, during these evaluations, tetryl
was not detected in any of the prepared samples even though its elution
position was relatively free of interference. Method development studies
were undertaken to define a sample preparation which provided a relatively
clean chromatogram for each of the tissues being studied and gave a suffi-
cient recovery for the munitions, including tetryl.

Tetryl recovery studies conducted included evaluations of the ex-
traction solvent, addition of salt solutions to the matrix to aid in extrac-
tion, and the effects of sample handling during the preparation procedure.
The solvents evaluated included acetonitrile, toluene, ethyl acetate, and
2% isopropanol in hexane. When high tetryl levels, i.e., 200 pg/ml, were
added to plasma and the plasma protein precipitated with acetonitrile, about
60% of the tetryl was recovered. At levels below 10 pg/ml tetryl, no HPLC
peak was observed. Similar data were obtained when the plasma was extracted
with the organic solvents. To aid in the extraction, 1.0 ml of 20% sodium
chloride was added to 1.0 ml plasma aliquots containing 50 pg/ml tetryl.
The plasma aliquots were prepared by precipitation or extraction. However,
tetryl recovery was not improved. Tetryl appeared to be binding to the
plasma protein, co-precipitated with the protein, or enzymatically altered
prior to extraction. To evaluate these possibilities, a number of experi-
ments were conducted. When tetryl .was added to a saturated albumin solution
and the protein precipitated with acetonitrile, 100% tetryl recovery was
obtained indicating the co-precipitation was not occurring. Plasma samples
were denatured by heating to 100*C or by the addition ot acid and tetryl
added. After protein precipitation with acetonitrile or organic solvent
extraction of the denatured plasma, no tetryl was detected indicating that
denatured plasma protein was still capable of adsorbing tetryl and prevent-
ing analysis of the munition. The possibility that tetryl was being lost
due to improper sample handling was studied by preparing and analyzing a
series of tetryl solution from 2.0 to 200 pg/ml. In one series, 1.0 ml water
was used as matrix and in another, 1.0 ml plasma was employed. The two series
were handled in identical manner, and quantitative recovery was obtained
from the water series while little or no tetryl was detected in the plasma
series. Tetryl irreversibly binds to plasma protein and cannot be extracted
from this matrix except at very high concentration levels, i.e., 200 pg/ml.
Short evaluations with each of the other animal tissue matrices indicated
that tetryl cannot be assayed in these matrices. A final experiment for
tetryl recovery in plasma was conducted using the two sample preparation
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techniques most likely to provide some tetryl recovery. These procedures
were the acetonitrile precipitation procedure and a toluene extraction method
from a 1.0-ml plasma containing 1.0 al, 10% sodium chloride solution plusIa
1% acetic acid. Tetryl levels of 2, 10, 50, 100, and 200 Vg/ml were evalu-
ated and the results are presented in Table 6. The data show poor recovery
at the high level and no recovery at the low levels for both techniques.
These studies on tetryl were conducted using KPLC System II as the analytical
t etechnique.

During the above experiments to define tetryl recovery from plasma,~studies were also conducted to determine a sample preparation technique for

the other munitions in plasma. The acetonitrile precipitatioL procedure
provided excellent data on DNT and TNT in plasma; however, RDX could not be
determined with this technique. Liquid-liquid extraction was evaluated as
an alternate sample preparation technique. A number of organic solvents
were evaluated including toluene, ethyl acetate, methylene chloride, and
hexane. The hexane did not extract the munitions and the methylene chlo-ride was not efficiently separated from the aqueous phase. Both toluene

and ethyl acetate provided positive results. However, ethyl acetate was
too polar and extracted a number of plasma components including the compound
which co-eluted with RDX. Toluene gave a relatively clean extract, but the
recovery of TNT was low. By adding a sodium chloride solution to the plasma,

Ithe recovery of TNT was improved. Also, when the plasma was made slightly
acidic, TNT recovery was improved. The organic solvent extracts required
evaporation of the solvent prior to HPLC analysis using an aqueous mobile
phase. To prevent loss of the munitions during this evdporation step, 0.53 - ml of the HPLC aqueous phase was added to the extract and the solvent evap-
orated at room temperature under a stream of nitrogen. After the solvent
had been completely removed, the IS in acetonitrile was added and the final
volume adjusted to 1.0 ml. A sample preparation procedure for the toluene
extraction of RDX, DNT, and TNT from plasma was defined (see 5. "Procedures
for Plasma Sample Determination" in Appendix B). However, prior to evaluating
this sample preparation procedure in the five duplicate levels on four separate
day protocol, a problem with the HPLC System II occurred. During the evalua-
tions of a method for plasma, studies were also being conducted on the other
animal tissue matrices. The HPLC System II was providing the necessary reso-
lution of the munition; but the back pressure on the system was high, i.e.,
2,500 psi, and increased substantially after injecting a few samples due to
buildup at uneluted matrix components on the column. The increased back
pressure was alleviated by washing the column with 100% acetonitrile and
removing and cleaning the column frits which had become clogged with column
particulates. This caused the column life to be shortened and prevented 4
the routine assay of the munitions in the animal matrices. Another HPLC
System (III) was developed which resolved the munitions and provided a stabler
chromatographic system (the HPLC Spherisorb column packing deteriorates above
pH 9 and is stable between pH's 2 and 6.5; the 1% acetic acid aqueous phase
gave an eluent with a 3.2 pH). The toluene extraction sample preparation
technique and HPLC System III were employed to validate the method for the
determination of RDX, DNT, and TNT in plasma. This method is prenented in
Appendix B, Technical Report No. 1, Method Development of RDX, DNT, and TNT
inPlasma.
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TABLE 6(

TETRYL RECOVERY FROM PLASMA USING TWO SAMPLE
PREPARATION TECHNIQUES

Sample ml Tetryl Peak Heightsb p& Tetryl c d
No. Plasma Added Tetryl IS yg IS al Found % Recoveryd

Acetonitrile Precipitation Technique

A-1 1.0 2 < 4 93.0 1 ND -

A-2 1.0 10 < 4 39.0 5 ND -

A-3 1.0 50 < 4 57.0 25 ND -
A-4 1.0 100 10.0 99.0 50 6.5 6.5
A-5 1.0 200 48.0 72.0 100 85 43

Toluene Extraction Technique

T-1 1.0 2 < 4 172.0 1 ND -

T-2 1.0 10 < 4 109.0 5 ND -

T-3 1.0 50 < 4 214.0 25 ND -

T-4 1.0 100 10.0 228.0 50 2.8 2.8
T-5 1.0 200 64.0 155.2 100 53 26

Reference Solutions

Standard Pg/mla  Peak Height
No. Tetryl IS pg/l IS RWRf

S-1 2 108.0 76.0 1 0.71
5-2 10 71.0 55.0 5 0.65
S-3 50 150.0 100.0 25 0.75
S-4 100 166.0 107.0 50 0.78
S-5 200 126.4 76.8 100 0.82

Average 0.78
SD + 0.07
RSD 8.42

a pg/il Tetryl added - micrograms of tetryl added to 1.0 ml plasma
b Peak Heights - measured peak heights in millimeters of tetryl and IS.
c pg/ml Tetryl found - microgram tetryl detected in 1.0 al plasm after

sample preparation Peak Height tetr l Pg IS
pg/ml tetryl found P Peak Height IS x Avg. RWR

d % Recovery - pg/ml tetryl found/pg/ml tetryl added x 100.
e ND - not detectable, tetryl level below 0.1 pg/ml.
f RWR - relative weight response

_RW - Peak Height tetryl std pg IS
Peak Height IS pg tetryl std.

SD - standard deviation; RSD - relative standard deviation
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2. PETN in Plasma: The definition of sample preparation tech-

niques for PETN was initiated after the analytical technique HPLC System IV
(Section III.B.) had been defined and validated. Each of the sample prepa-
ration procedures studied for RDX, DNT, and TNT determination in plasma was
evaluated for PETN in plasma. The acetonitrile precipitation procedure proved
unsuccessful because many of the plasma components present after the protein
precipitation adsorbed at 215 nm and interfered with PETN detection. The
four organic solvents (toluene, ethyl acetate, methylene chloride, and hexane)
evaluated earlier were studied for PETN extraction from plasma. Only hexane
was able to extract PETN without also extracting PETN interfering plasma
components. As with the toluene extraction of RDX, DNT, and TNT from plasma,
the addition of an acidic (2% acetic acid) salt (20% soIium chloride) solu-
Lion was found to provide better recovery of PETN from plasma. The valida-
tion of the hexare extraction sample preparation procedure for the HPLC System
IV determination of PETN in plasma using five duplicate levels on four sepa-
rate days is presented in Appendix F, Technical Report No. 5, Method Develop-
sent for PETN in Plasma.

I B. Animal Kidney Samples

1. RDX, DNT, TNT, and Tetryl in Kidney: Earlier studies had
shown that the acetonitrile precipitation procedure and the ethyl acetate
extraction procedure gave HPLC chromatograms with many extraneous kidney
matrix peaks which prevented the detection and quantitation of the munition
compounds. The use of less polar organic solvent, i.e., hexane, was also
unsuccessful due to low recovery of RDX and TNT. The toluene extractien of
a kidney sample diluted 1/1 w/v (weight/volume) with a 10% sodium solution
containing 2% acetic acid (the plasma sample preparation method) gave rela-
tively clean chromatograms with acceptable recovery for RDX, DNT, and TNT.
As with the plasma matrix, tetryl was not recovered from the kidney matrix
at the concentration level required, i.e., 100 ng/g. Two additions to the
plasma method for RDX, DNT, and TNT were required to determine these muni-
tions in the kidney samples. The first addition was in the initial sample
preparation. The kidney samples required liquefaction to disrupt the cellspresent. This liquefaction was accomplished by first grinding the kidney

sample in a standard blender on "liquefy" speed and then using a Teflon-
glass, motor-driven tissue homogenizer to disrupt the cell walls and solu-
bilize the intercellular raterials. This technique is required to free the
munitions that may be present within the kidney cells. The second addition
to the plasma method was in the HPLC procedure. A column wash step with
100% acetonitrile was found to be necessary after each sample injection to
elute the nonpolar matrix components. The wash eliminated the pressure
build-up problem and also rem6ved the matrix compounds still present in the
analytical system.

In addition to these changes in the plasma method, the sample ex-
tract drying procedure used for the plasma sample was evaluated and modi-

fied. The addition of 0.5 ml water to the toluene extract followed by the
room temperature evaporation of the toluene resulted in a large HPLC peak
just after the elution position of TNT. The peak was attributed to the
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incomplete eraporation of the toluene, and sometimes the component inter-
fered with TNT determination. An evaluation of the drying procedure indi-
cated that if no heat was applied to the samples, complete recovery of the
munition compounds was possible even if the samples were taken to dryness.
By evaporating all the toluene from the kidney sample extracts and adding a
small amount of ethyl acetate to the residue and evaporating, the toluene
was almost completely removed from the sample and did not cause problems
with TNT determination.

The final sample preparation procedure and analysis technique for
RDX, DNT, and TNT was validated by analyzing duplicate kidney samples spiked
at five levels and matrix blanks on four separate days. These data and the
statistical evaluation of the results are given in Appendix C, Technical
Report No. 2, Hethod Development for the Determination of RDX, DNT, and TNT
in Kidney.

2. PETN in Kidney: The earlier studies on PETN indicated that
extracted kidney samples contained a substantial number of compounds which
adsorbed at 215 nm and interfered with PETN. Also, the hexane extraction
procedure employed for plasma did not have sufficient polarity to extract
PETN from kidney. When more polar organic solvents i.e., toluene, ethyl
acetate, were used, the extract contained many 215 nm adsorbing compounds,
and PETN was not observed at 2,000 ng/g. By adding a small amount of iso-
propanol (IPA) to hexane, the polarity of the extracting solvent was slightly
increased. An evaluation of 1, 2, 5, and 10% IPA in hexane as extracting
solvent showed that 5 and 10% IPA were too polar and 1% IPA not polar enough.
The 2% IPA in hexane showed some promise. The chromatography at the PETN
and IS elution positions was relatively clean of interference and some PETN
was recovered. However, the recovery was low, i.e., about 25%, and attempts
to increase the recovery without affecting the chromatography were unsuccess-
ful. Figure 5 presents representative HPLC-UV (215 nm) chromatograms for
PETN extracted from 1.0 gkidney with 2% IPA in hexane. The 3ample prep-
aration procedure consisted of placing a 1.0-g liquefied kidney sample in a
Teflon-lined screw cap vial, adding 2.0 ml 10% sodium chloride solution con-
taining 1% acetic acid, and extracting 3 x 5 ml with 2% IPA in hexane. The
extractswere combined, evaporated to dryness at room temperature under a
stream of nitrogen, and the residue dissolved in HPLC eluent. After fil-
tering the prepared sample through a 0.45-p Fluoropore filter, a lO0-pl
aliquot was injected onto HPLC System IV.

The low recovery of PETN from kidney using 2% IPA in hexane ex-
traction and the poor chromatography obtained with other organic solvents
for extraction prevented the development of an analytical method for PETN
in kidney at the 100-ng/g level. Additional studies on this matrix are
necessary to define a solvent that will quantitatively extract PETN from
kidney and to evaluate additional clean-up steps such as adsorption chroma-
tography to remove interfering kidney components from the extract. The time
limitation on the present program prevented the necessary studies to deter-
mine these parameters.
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C. Animal Muscle/Fat Samples

1. RDX, DNT, TNT, and Tetryl in Muscle/Fat: Initial evaluation
of the plasma method for application to muscle/fat samples indicated that
toluene and other nonpolar solvents could not be employed for this matrix
because they solubilize the fat component of the matrix. However, aceto-
nitrile, because of its higher polarity, did not dissolve the fat and gave
acceptable recovery and chromatography for the munition compounds. Similar
to the plasma and kidney matrices, the muscle/fat matrix did not allow re-
covery of tetryl.

The final sample preparation procedure as outlined in Appendix E,
Technical Report No. 3, Method Development for the Determination of RDX,
DNT, and TNT in Muscle/Fat Samples was being validated using HPLC System
III when the project officer requested that the munition spiking levels be
changed from 100, 500, 1,000, 1,500, and 2,000 ng/g to 50, 100, 200, 500,
and 1,000 ng/g. This change was requested to aid in the statistical deter-
mination of the lower detection limit of the munition by the Hubaux and Vos
detection limit program. Since the HPLC system was already operating at
close to the highest sensitivity limit, the 1.0-g matrix sample was increased
to 2.0 g to provide a similar instrument sensitivity at the newly defined
spiking levels. The total procedure, as presented in Appendix D, was vali-
dated by analyzing duplicate 2.0-g muscle/fat samples spiked with RDX, DNT,
and TNT at 0, 50, 100, 200, 500, and 1,000 ng/g on four separate days.

2. PETN in Muscle/Fat: The evaluations of sample preparation
procedures for RDX, DNT, and TNT in the muscle/fat matrix had shown that
nonpolar organic solvents, i.e., hexane, could not be employed to extract
the munition compound from this matrix. For PETN in muscle/fat, the aceto-
nitrile procedure utilized for the other munitions was evaluated. This pro-
cedure proved unsatisfactory in that the HPLC-UV (215 nm) chromatogram con-
tained many extraneous pe ks and the recorder pen was off-scale for the first
50 min of the chromatographic run. When the attenuation was increased to
provide on-scale peaks, the possible sensitivity for PETN determination was
greater than 5 pg/g. Even though hexane solubilized the fat in the matrix,
a study was conducted to evaluate this extraction technique. As expected,
the dried hexane extract contained a substantial level of fat which was not
solubilized when 0.5 ml acetonitrile containing the IS was added. The sample
was diluted with water (0.5 ml) to provide a sample compatible with the HPLC
eluent, filtered, and analyzed. No PETN was detected even though the matrix
had been spiked at 2,000 ng/g; however, the elution position of PETN was
relatively free of interfering muscle/fat components. The PETN was most
likely still with the undissolved fat. Additional studies are necessary to
define methodology to separate the PETN from the fat. Possible techniques
for this separation include adsorption or gel permeation column chromatog-
raphy or a liquid-liquid extraction of the hexane muscle/fat solution using
a solvent that can extract the PETN without extracting the fat components
present in the hexane solution. The time limitation on the present program
prevented evaluation of these sample preparation techniques.
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D. Animal Liver Samples

1. RDX, DNT, TNT, and Tetryl in Liver: The initial evaluations
of sample preparation procedures for the determination of RDX, DNT, TNT,
and tetryl in the animal liver matrix indicated that the toluene extraction
technique employed for the plasma and kidney matrices was the most promising.
The other techniques evaluated, including acetonitrile, ethyl acetate, and
hexane extraction, either extracted too many liver components which interfered
with the HPLC determination of the munitions or gave poor recoveries. Studies
were initiated to validate the toiuene extraction technique for the liver
matrix using duplicate samples spiked at five levels on four separate days.
Three separate days of liver sampit sets were analyzed and the results sum-
marized in Table 7 (the raw data and calculations ar' given in Appendix A,
Tables 5-A, 6-A, and 7-A). At this time, the spiking levels being employed
on the program were 0, 100, 500, 1,000, 1,500, and 2,000 ng/ml. The data
for Day 1 showed acceptable recovery for RDX, DNT, and TNT (as with the other
animal matrices, no tetryl was detected at any of the spiking levels) with
good linearity of recovery over the concentration range. However, the Day 2

i and Day 3 data for D and TNT varied considerably from Day 1 results and
-Vernot linear within a day set. Figure 6 presents HPLC chromatograms of
1.0-g er samples spiked at the 1,000-ng/g level with the munitions from
the Day t-aqd Day 2 sets. A substantial decrease in the recovery of DNT
and TNT in teKay 2 liver sample is apparent. Since the data from Day 1
was acceptable, t-systematic error in the sample preparation procedure was
considered to be the cause for the variation in the results. Evaluations
of the sample preparationprocedure were conducted to define the source ofI error and to eliminate the problem.

The first aspect of the sample prep3ration procedure evaluatedI was the effect of the pH of the aqueous'-phase on the extractability of the
munitions from liver. The original protocol had a 1.0-ml 10 sodium chloride
solution containing 17 acetic acid added to 1.0 g liver to aid in the extrac-
tion; the pH of the aqueous phase under these conditions was approximately
4. To determine if the pH was important, duplicate liver samples containing
1,000 ng/g each munition were prepared and buffertd to pF's 2, 4, 6, and 8
with 1.0 ml, 10% sodium chloride plus 0.1 M sodium acetate at the appropriate
pH. Each solution was extracted 3 x 3 ml with toluene and analyzed by HPLC
as described earlier. The results showed consistent, but low for DNT and
TNT, recovery of the munitions for the acidic solutions and very poor chro-
matography for the basic liver samples. An acidic solution was required
for extraction; however, pH was not the apparent cause of the lower recov-
eries of DNT and TNT.

i The rationale for using sodium chloride solutions during extrac-
tion was to "salt out" the compounds being extraced. This aspect of the
sample preparation procedure was studied by preparing 1,000 ng/g each muni-
tion liver samples with the following salt solutions (all contained 17 acid):
(1) 0% sodium chloride; (2) 10% sodium chloride (normal procedure, served
as control for experiment); (3) 20 sodium chloride; (4) 10 ammonium acetate;
(5) 107 sodium dihydrogen phosphate plus phosphoric acid; and (6) 10% sodium
sulfate. The results of this study indicated that salt aided in the extrac-
tion of the munitions but the salt type or concentrations above 10% were
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not important. Very low recovery was observed for the 0% salt solution and
consistent, but low, recovery was found for the other samples. The addition
of 1.0 al, 10% sodium chloride containing 1% acetic acid aided in the extrac-
tion of the munitions from liver; however, the salt solution was not the
cause of the systematic error.

Toluene had been employed as the extraction solvent for plasma,
kidney, and the Day 1 liver matrices with acceptable recovery of the muni-
tions. The possibility that a slightly more polar solvent was required for
uniform extraction of the munitions from liver was explored by evaluating a
number of other solvents. The solvents evaluated included toluene (normal
method, control); acetonitrile; 2% IPA in toluene; 2%, 3%, 4%, 5%, and 20%
IPA in hexane, and 50:45:5 v/v/v toluene:hexane:IPA. Representative HPLC
chromatograms for some of these solvent evaluations are shown in Figures 7
and 8. The results indicate that none of these solvents improved the recov-
ery of DNT and TNT without affecting the chromatography. The data did show
that a polar solvent, i.e., acetonitrile, ethyl acetate, gave better recovery;
however, RDX determination was affected (see Figure 7). Another study was
conducted to evaluate the possible use of a douLle extraction of the liver
matrix, first with a polar solvent to obtain acceptable DNT and TNT recovery,
and after drying the first extract, with a second less polar solvent such
as toluene or 2% IPA in hexane to isolate RDX from the early elutiLg inter-
ference. The polar solvents evaluated were acetonitrile, ethyl acetate,
and methanol and the second solvents evaluated were toluene and 2% IPA in
hexane. The results showed relatively clean chromatograms for each solvent
pair; however, the recoveries of the munition added to the liver were not
improved and, in most cases, were lower than with the toluene extraction
procedure. The experiments conducted had shown that the inconsistent re-
suits obtained for the recovery of DNT and TNT from the liver matrix were
not due to the extraction solvent being employed.

The next aspect evaluated was the toluene evaporation and residue
reconstitution steps. After drying the toluene from the liver extract, a
substantial amount of liver components was present, and this residue was
not completely solubilized with 0.5 ml acetonitrile. The poor recoveries
of DNT and TNT may have been caused by adsorption of the munitions on these
components. Experiments were designed to determine if all the munitions
extracted with the toluene were solubilized. These studies utilized vortex
mixing and ultrasonication for various times and liver samples spiked with
the munitions prior to extraction and after extraction. The results showed
quantitative recovery, i.e., greater than 90%, for the munitions from the
toluene spiked after extraction while low DNT and TNT recoveries were observed
for the livers spiked prior to extraction. While vortexing and ultrasonica-
tion aided in solubilizing the residues from the toluene liver extracts,
the reconstitution procedure was not the cause of the inconsistent data for
DKT and TNT from liver.
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1.0 g liver plus 400 ng/g each munition 1.0 g liver plus 400 ng/g each munition
extracted with 2% IPA in hexane extracted with 2% IPA in toluene
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Figure 8 - KPLC Chromatograms of RDX, DNT, and TNT E,!tracted from Liver with

Various Solvents. Differences in elution parameters for the munitions
attributedn Fiue6to column change and fresh eluent. RPLC conditions as listed .

in Figure 6.
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Each of the various parameters of the sample preparation proce-
dure had been evaluated without defining the systematic error which gave
varying recoveries for DNT and TNT from liver. Careful review of the entire' I procedure indicated that the extraction efficiency of the tolucne for the
liver matrix may not be as high as in the other animal tissues. The forma--3 tion of extraction emulsions with biological tissues is common and usually
undesirable. During the extraction procedure, care had been taken to mini-
mize the emulsion, and this may have prevented optimal extraction of the

I munitions. When liver samples containing the munitions were mixed with
toluene in a manner which guaranteed the formation of a complete emulsion
and were then centrifuged to separate the phases, recoveries of DNT and TNT
were similar to the Day I results presented in Table 5. The emulsion re-
sulted in a longer centrifugation time, i.e., 40-50 &in, to separate the
phases; however, the extractability of the munitions required the close con-
tact of the toluene and aqueous phases. During these evaluations, the spik-
ing level for the munition in a matrix had been changed. Also, the analyti-
cal system had been modified from System II to System III. The final sample
preparation procedure and HPLC System III were validated for RDX, DNT, and
TNT in liver samples by analyzing duplicate samples spiked at 0, 50, 100,3 200, 500, and 1,000 ng/g on four separate days. The method is presented in

* Appendix E, Technical Report No. 4, Method Development for the Determination
of RDX, DNT, and TNT in Animal Liver Samples.

I 2. PETN in Liver: The results obtained from the earlier studies
to define a sample preparation procedure for PETN in kidney samples had shown
that 2% IPA in hexane provided some recovery and had acceptable chromatog-
raphy in the elution region of the IS and PETN. Similar low recovery results,
as shown in Figure 9, were obtained for PETN in liver using this extraction

technique. When the polarity of the extracting solvent was increased, the
- chromatography deteriorated and interfering liver components prevented the

detection of PET! (also shown in Figure 9). Additional studies are neces-
sary to define a procedure to extract PETN from the liver samples followed

i by additional clean-up to isolate the PETN from co-extracted liver components.

E. Plant Leaves

1. RDX, DNT, TNT, and Tetryl in Plant Leaves: The knowledge
gained during the sample preparation procedure evaluations for RDX, DNT,

I TNT, and tmtryl in animal tissue matrices was applied to defining a proto-
col for plant leaves. The plant leaves matrix included grass and soft stem
plant leaves. Since the availability of this matrix is greater, a larger
sample size, i.e., 5 g, was chosen for evaluation. Initial evaluations in-
dicated that polar solvents, i.e., acetonitrile, ethyl acetate, cannot be
employed for this matrix as they extracted many plant components. Less polar
solvents such as toluene, hexane, and 2 IPA in hexane showed promise and
were evaluated further. The animal tissue matrices had utilized a salt solu-Ia
tion containing 1% acid to aid in the extraction efficiency. Both the extrac-
ting solvent and the aqueous phase parameters were evaluated for plant leaves.
Experiments with 0, 10, and 20% sodium chloride containing 1% acetic acid
added to 5 g plant leaves both blank and spiked with 200 ng/g each munition
and extracted with toluene, hexane, or 27 IPA in hexane were conducted.
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Figure 10 shows the HPLC chromatogram for 10% sodium chloride (5 ml) added
to 5 g leaves and extracted with 20 ml toluene. A 10-ml aliquot of the
toluene (2.5-g equivalents of plant leaves) was dried, dissolved in HPLC
eluent, filtered, and analyzed. The elution positions of the various muni-
tions are indicated by arrows and RDX and DNT have co-eluting leaf compounds.

I Figure 11 presents an HIPLC chromatogram for a 5.0-g leaf sample containing
200 ng/g each munition, diluted with 5 ml 20% sodium chloride plus 1% acetic
acid, and extracted with 20 ml 2% IPA in hexane. A 10-ml aliquot of the
hexane was taken for analysis. As with the toluene extract, interferences
are present at the elution position of RDX and DNT; however, TNT is detected.
No tetryl was observed in any plant leaf extracts. Similar chromatograms
were obtained for the other conditions.

The plant leaves interferences present in the HPLC chromatograms
from toluene and hexane extract prevented the use of HPLC System III for
the assay of RDX, DNT, and TNT in this matrix. An HPLC eluent study ws
undertaken to determine if the munitions could be separated from the inter-
ferences. By lowering or raising the percentage of acetonitrile in the

* eluent, the retention indices of the munitions were changed. RDX was not
separated from the large interfering peak with any FILC eluent evaluated.
By lowering the acetonitrile percentage from 30 to 25%, partial separation
of DNT and the plant component (X-1 on Figure 11) was achieved. However,
under these conditions, TNT and another plant component (X-2 on Figure 11)
co-eluted. This HPLC separation is shown in Figure 12. Additional studies
are necessary to define a sample preparation procedure to isolate the muni-
tions from plant matrix components.

3. PETN in Plant Leaves: The possible use of a simple extrac-
tion technique for the HPLC-UV (215 nm) determination of PETN in plant leaves,
was evaluated using a variety of organic solvents. The plant leaves were
prepared by grinding in a Waring-type blender, weighing 5-g aliquots into a
50-ml centrifuge tube, and adding 5 ml 10% sodium chloride containing 1%
acetic acid. The organic solvents selected foT evaluation were hexane, 1%
and 2% IPA in hexane, 1/1 (v/v) hexane methylene chloride, methylene chlo-
ride, and toluene. These solvents were chosen to provide a slight polarity
increase with each solvent, to define a system which extracted PETN and only
limited plant leaf material. Each solvent was evaluated by preparing dupli-
cate 5-g leaf samples spiked with 0, 100, and 1,000 ng/g ard extracting with
20 ml of solvent. A l0-ml aliquot of the extracting solvent (2.5 g leaves
e!''ivalent) was evaporated to dryness, reconstituted with 1.0 ml HPLC eluent
containing the IS, and analyzed by HPLC System IV. Figure 13 shows chromato-
grams for a reference PETN solution and a 5-g leaf sample containing 1,000
ng/g PETN *xtracted with 27 IPA in hexane. The chromatograms obtained from
the other solvents evaluated were similar or worse than that shown in Fig-
ure 13. Additional studies are necessary to define a sample preparation
procedure to isolate PETN from plant leaves. A more detailed procedure than
simple extraction will be required, and the time limitations on the present
program prevented the complete evaluation of more elaborate techniques.
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j - HPLC Parameters

Column: Spherisorb ODS, 5 u.

*---.-.250 z4.6 mmID

Eluent: 30% acetonitrile in water

. containing 1% acetic acid
* Flow Rate: 1.5 .1/min
* Chart Speed: 0.1 in./min

* . Detector: UV, 254 nm

Sample Characteristics

* 5.03g Plant leaves plus 5.0 ml 10%

- - sodium chloride solution plus 1?

I acetic acid extracted -with_ 20_ml

tolune.A 10-mi aliquot of to u-ene
wasevaoraedto dryness, recon-

* ~stituted with 1.0 ml HLC eluent,
and injected.

IS Concentration: 0:1 Injection Volume: 70 Ui1
- '* .Attenuation: 0.01 X

*TNT

IF.
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II

BPIC Parameters

Column: Spherisorb ODS, 5 v,
250 x 4.6 mm ID

Eluent: 30% acetonitrile in water
containing 1% acetic acid

Flow Rate: 1.5 ml/min
Chart Speed: 0.1 in./min
Detector: UV, 254 nm

I Sample Characteristics

5.0 g Leaves containing 200 ng/g
each munition plus 5.0 ml 20%
sodium chloride solution contain-

X-l ing 1% acetic acid extracted with
20 ml 2% IPA in hexane. A 10-ml
aliquot of hexane was evaporated
to dryness, reconstituted in 1.0 ml

DNT HPLC eluent containing the IS, and

injected.I
IS Concentration: 1,000 ng/ml
Injection Volume: 70 i4
Attenuation: 0.01 X

T

I

II
1 X-2

Inj. 10 20 30 min
15 30 45 al

3 Figure 11 - HPLC Chromatogram of 5.0 g Leaves Containing 200 ng/g Each Munition
Extracted with 2% Isopropanol in Hexane. Munition elution positions indicated
by arrows. "V' denotes leaf components.
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F. Plant Stems

1. RDX, DNT, TNT, and Tetryl in Plant Stems: The results ob-
tained during the sample preparation procedure evaluations for RDX, DNT,
TNT, and tetryl in plant leaves was applied to studies for these munitions
in the plant stems matrix. The plant stems matrix was defined to include
plants with soft stems; no grass or hard stem plants, i.e., trees, were in-
cluded. The plant leaves data had shown the 2% IPA in hexane and toluene
were the optimal extracting solvents and these two solvents were evaluated.
The leaves matrix component which interfered with DNT was not present in
the stems matrix; however, RDX co-eluted with a large peak preventing its
determination and no peak was detected at the tetryl elution position. The
2% IPA in hexane solvent gave clearer chromatograws than toluene and was
selected for additional study. The nature of the plant stems matrix pre-
vented efficient grinding of the matrix in the blender and an alternate pro-
cedure was required to prepare the matrix for extraction. The technique
which provided the best grinding of the stems matrix consisted of freezing
the stems and using dry ice to maintain a frozen matrix during grinding.
The sample was then allowed to thaw and weighed. The single extraction
technique described in Section E.2. was employed using 2% IPA in hexane,
and DNT and TNT were recovered at about 50%. The sample preparation pro-
cedure and HPLC System III were validated for DNT and TNT in the plant stem
matrix by analyzing duplicate 5.0-g samples spiked at 0, 50, 100, 200, 500,
and 1,000 ng/g each munition on four separate days. This method is presented
in Appendix G, Technical Report No. 6, Method Development for the Determina-
tion of DNT and TNT in Plant Stems.

2. PETN in Plant Stems: The possibility of determining PETN in
the plant stems matrix was evaluated using the same techniques employed for
the plant leaves matrix. Only hexane and 2% IPA in hexane were evaluated
since the other 3olvents studied earlier had extracted many interfering com-
pounds from the plant leaves. Unless more promising rcsults were obtained
with hexane and 2% IPA in hexane, these solvents were not considered as being
able to extract the plant, stems without the interferences also being present.
The HPLC-UV (215 nm) chromatograms obtained from the hexane and 2% IPA in
hexane extraction of PETN from plant stems were similar to the chromatogram
presented in Figure 13. Additional studies are necessary to define a proce-
dure to isolate PETN from the co-extracted plant stems components before I
EPLC-System IV can be utilized to determine PETN in this matrix.
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I APPENDIX B
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I

IDENTIFICATION OR DEVELOPMENT OF CHEMICAL ANALYSIS
METHODS FOR PLANTS AND ANIMAL TISSUES

I
METHOD REPORT NO. 1

METHOD DEVELOPMENT FOR THE DETERMINATION OF CYCLOTRIMETHYLENE-
TRINITRAMINE (RDX), DINITROTOLUENE (DNT), AND

TRINITROTOLUENE (TNT) IN PLASMA

1 September 1980

Contract Nc. DAAK11-79-C-0110
MII Project No. 4849-A

I For

U.S. Army Toxic and Hazardous Materials Agency
Dr. L. Eng, DRXTH-TE-D, Project Officer

I I Aberdeen Proving Ground (IA), MD 21010
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The view, opinions, and/or findings contained in this report are
those of the authors and should not be construed as o~n official Department
of the Army position, policy, or decision, unless so designated by other
documentation.
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IS - 28.5 ml, 19 min; DNT - 37.5 il, 25 min; and TNT - 42 ml, 28 min and are
detected at 254 nm. Reference solutions of the compounds gave a linear re-
sponse from 100 ng/ml to 2,000 ng/ml. The plasma samples were prepared by
adding 1 ml 10% sodium chloride containing 2% acetic acid to 1 ml plasma and
extracting the sample with 3 x 2 ml toluene. The toluene extracts were com-
bined and 0.5 ml water added. The toluene was evaporated at room temperature
under a stream of nitrogen gas. The aqueous phase was combined with 0.5 ml
acetonitrile containing the IS (1,000 ng/sample), filtered through a 0.45-p
Fluoropore filter and injected onto the HPLC system. The analytical method
was evaluated by preparing and analyzing duplicate samples containing 0, 100,

500, 1,000, 1,500, and 2,000 ng/mi of each compound on four succeeding days.
Linear regression analysis of the data gave the following equations and corre-
lation coefficients: RDX - y - 0.825x + 14, 0.990; DNT - y - 0.659x + 6, 0.982;
and TNT - y - 0.785x + 16, 0.988. The average coefficient of variation and,
average percent inaccuracy for RDX, DNT, and TNT determination in plasma were

OX, - 12; 12% - 32; and 10% - 19, respectively. A statistical evaluation of
the data by the Hubaux and Vos detection limit program gave detection limits
of 146 ng/ml for RDX; 256 ng/mi for DNT, and 248 ng/mi for TNT for the HPLC
determination of these compounds in plasma samples.
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I Midwest Research Institute
Analytical Chemistry Department
lansas City, Missouri 64110

for

U.S. Army Armament Research and Development Consand
Aberdeen Proving Ground (Edgewood Area)

Maryland 21020

Contract No. DAAKII-79-C-0110

Identification or Development of Chemical Analysis Methods
for Plant and Animal Tissues

METHOD DEVELOPMENT FOR THE DETERMINATION OF CYCLOTRIMETHYLENE-
TRINITROAMINE (RDX), DINITROTOLUENE (DNT), AND

TRINITROTOLUENE (TNT) IN PLASMA

i. APPLICATION: The developed method is for the quantitative

determination of RDX, DXr, and TNT in animal plasma using high performance
liquid chromatography (HPLC) with ultraviolet (UV) detection at 254 nm.

a. Evaluated Concentration Range: The concentration range
of RDX, DNT, and TNT studied in reference solutions and in plasma samples
was 100 to 2,000 parts per billion (ppb, ng/ml).

b. Sensitivity: A signal-to-noise ratio of 6 to I for RDX
(peak height (PH), 25 mn), 9 to 1 for DNT (PH, 30 mn), and 8 to 1 for TNT
(PH, 30 mm) was obtained with an injection of 50 pl of a 100 ng/ml solution

of each compound (ca. 5 ng each compound on column).

c. Detection Limits: 146 ng/ml for RDX, 256 ng/ml for DNT,
and 248 ng/ml for TNT based on the Hubaux and Vos detection limits program.

d. Interferences: No interfering plasma components were
found to elute with the same retention volumes as RDX, DNT, or TNT. However,
an impurity in the extracting solvent (toluene) eluted 1.5 min prior toI RDX.

e. Analysis Rate: The chromatographic time per injection
for the plasma determination of RDX, DNT, and TNT was 40 min. With two ref-
erence solutions analyzed first and two during the day (160 min total time),

a total of eight samples (320 min total time) can be analyzed during an 8-hr* day.

2. CHEMISTRY: RDX, DNT, and TNT are munition compounds manufac-
tured at various installations. The possible environmental contamination
of these compounds, particularly in plants and animals, is of co-.cern. The
determination of plasma levels of RDX, DNT, and TNT in animals may provide

16
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information on the extent ano level of centamination at the production facil-
ities and surrounding area. Each of these munitions has a sufficient UV
chromophore at 254 nm to allow UV detection and quantification. These muni-
tions are of intermediate polarity and have a limited water solubility.
Normally, biological matrices have a large number of components which will
interfere with the detection and quantification of low levels of compounds.
Reverse phase HPLC is capable of separating compounds with similar chemical
and physical properties; the elution order of this technique is based on
the polarity of the compounds with the more polar compounds being eluted
first. Thus, by extracting the biological matrix, i.e., plasma, with an
intermediate polarity solvent and analyzing the extract by HPLC, a simple
sample preparation and analysis system may be defined for the determination
of RDX, DNT, and TNT in plasma.

3. APPARATUS:

a. Instrumentation: A Waters isocratic liquid chromato-
graphic system consisting of a Model 6000A pump, Model U6K injector, and
Model 440 UV detector. A general purpose centrifuge (Dynac, Clay Adams
0101) with a 24-place head.

b. HPLC Parameters:

1. Column: Spherisorb ODS, 5 pj, 250 x 4.6 mm ID.

2. Eluent: 30% acetonitrile in 1% acetic acid in water.

3. Flow rate: 1.5 ml/min.

4. Detector: UV, 254 nm.

5. Internal standard: Propiophenone, 1,000 ng/ml

6. Injection volume: 50 to 100 pl.

7. Retention volvies and times: RDX, 15 ml, 10 min;
DNT, 37.3 ml, 25 min; TNT, 42 ml, 28 min; IS,
28.5 ml, 19 min. NOTE: Slight changes in the
retention indices may occur with fresh eluent or
a change in columns.

A representative HPLC chromatogram for a SARN reference
solution of RDX, DNT, and TNT is shown in Figure 1. Also included on the
chromatogram are peaks for an internal standard (propiophenone) and
2,4,6-trinitrophenylmethylnitramine (tetryl).

:I 1

t'l 2
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I c. Laboratory Glassware and Equipment:

1 1. Culture tubes (Pyrex) with Teflon-lined screv caps.

2. Volumetric flasks (100 ml).

1 3. Volumetric syringes (0-100 pl, 0-500 p1, and 0-
1,000 pl).

1 4. Automatic pipetter (0-5 ml).

5. Filtering apparatus including filter holders, 5-al
I disposable syringes, and 0.45 p Fluoropore filters.

6. Inert gas (nitrogen) drying train with 12 ports.

I d. Chemicals:

1. Toluene and acetonitrile, "Distilled in Glass" grade.

1 2. Acetic acid and sodium chloride, ACS grade.

3. High purity water from a Hilli-Q water purification
system.

4. RDX, DNT, and TNT SAR~s, obtained from the U.S. Army

Toxic and Hazardous Materials Agency.

5. Propiophenone (internal standard), analytical grade.

j 4. STAOARDS:

a. Stock: Weigh approximately 20 mg of RDX, DNT, TNT, and
tetryl SARM or interim SAR into separate 100-al volumetric flasks. Dissolve
each compound in acetonitri'e and dilute to volume. The concentration of
each .ompound is 200 pg/ml. Quantitatively pipette 20 ml from each stock
above into a 100-ml volumetric flask and dilute to volume with high-purity
water. Concentration of each compound is 40 pg/ml.

b. Working: Pipette 10 ml of the 40 pg/ml of each compound
stock into a 100-ml volumetric flask and dilute to volume with high-purity
water. Concentration of each compound is 4 pg/ml.

I
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Reference solutions were prepared from this stock as follows:

Concentrationt
pl Working p1 IS pl 10% Acetonitrile Each Compound

Stock Stock* in Water (ng/ml)

500 500 0 2,000

375 500 125 1,500

250 500 250 1,000 Jf
125 500 375 500

25 500 475 100

0 500 500 0

* Preparation of IS stock given in "c."

c. Internal Standard Stock: Weigh 10 mg propiophenone into
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 100 pg/ml). Quantitatively pipette 10 ml of the 100-pg/ml stock into
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 10 pg/ml). A final working solution of 2.0 pg/ml is prepared by pipet-
ting 20 ml of the 10-pg/ml stock into a 100-ml volumetric flask and diluting
to volume with acetonitrile.

5. PROCEDURES FOR PLASMA SAMPLE DETERMINATION:

a. Plasma Sample Preparation: The procedure employed to
prepare plasma samples for the HPLC-UV determination of RDX, DNT, TNT, and
tetryl consisted of:

1. Quantitatively pipette 12 1.0-ml plasma
aliquots into culture tubes with Teflon-lined
screw caps.

2. Spike two each of the plasma aliquots with the work-
ing stock (4 pg/ml) at the following levels: 2,000
ng (500 pl), 1,500 ng (375 pl), 1,000 ng (250 pl),
500 ng (125 pl), and 100 ng (25 pl). The remaining
two plasma aliquots serve as plasma blanks. All
samples were adjusted to a total volume of 1.5 ml
with high-purity water containing 10% acetonitrile.

3. Add 1.0 .l of a 10% sodium chloride solution contain-
ing 2% acetic acid to each aliquot.

4
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I I4. Nix thoroughly on a vortex mixer.

S. Extract the plasma sariples with 2 ml toluene
("Distilled in Glass" grade) by vortexing fo: 30
sec followed by centrifugation at 1,000 rpm for

n 20 min.

*i6. Transfer the toluene extracts to properly labeled
culture tube-, with Teflon-lined screw caps.

37. Repeat the toluene extraction (steps 5 and 6) twice
more combining the toluene extracts in the appro-3 priate tubes.

8. Quantitatively pipette 0.5 al high-purity water
into each toluene extract.

9. Evaporate the toluene at room temperature under a
stream of nitrogen. NOTE: Continue evaporation
until the toluene has been completely removed from
culture tube. Do not beat the samples during the
evaporation step or loss of IM, DNT, and TNT may
occur.

10. Add 500 p1 IS stock (1,000 ng) to each plasma ex-
tract and six thoroughly. NOTE: Final volume of

n the prepared samples is 1.0 al.

11. Filter the solutions through 0.45 p Fluoropore fil-

lE ters into culture tubes.

12. Analyze a 50- to 100-pl aliquot by HPLC.

43 b. Calibration: The reference solutions described in Sec-
tion 4.b were prepared and analyzed in quadruplicate. The relative weight
response (RWR) (Eq. 1) of each compound was calculated and the average RWR
utilized to determine the nanograms of each compound in every reference solu-
tion (Eq. 2). The nanograms found were plotted against the nanograms added
and a linear regression evaluation of the data was conducted. The slope,
intercept, and correlation coefficient for each compound were determined.
The data are summartzed in Table 1 which include the average value at each
level for each compound, the standard deviation, coefficient of variation,
and percent inaccuracy. The raw data and calculations are given in Table 8

* of the Appendix.

Peak Height Cpd ng/ml IS (Eq. 1)

Peak Height IS ng/ml Cpd

Scompoundfound Peak Height Cpd sg/ml IS (Eq. 2)
l oPeak Height IS 'Avg. RWR
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c. Plasma Sample Analysis: The plasma samples prepared as
outlined in Section 5.a were injected onto the HPLC system. The peak height
of each compound was measured and recorded. Plasma samples were prepared
and analyzed on four succeeding days.

6. CALCULATION: The level (nanograms per milliliter) of each
compound found in the plasma samples was determined using the relative weight
response to an internal standard method. The RWR values for reference solu-
tions (Eq. 1) analyzed with a day set of plasma samples were calculated and
the average RWR values for RDX, DNT, and TNT were determined. These values
were employed to determine the plasma level of each compound by Eq. 2 where
nanograms per milliliter compound represents the level found in the plasma
sample. The results for the duplicate determinations of RDX, DNT, and TNT
in plasma at five levels on four succeeding days are summarized in Tables
2, 3 and 4, and the average level found, the standard deviation, coefficient
of variation, and percent inaccuracy are also included. A linear regression
evaluation of the results was made; the slope, intercept, rnd correlation
coefficient are given in the tables. The level of each compound in the plasma
was plotted against the amount added and these data are shown in Figures 2
to 4.

Graphic presentations of the standard deviation, coefficient of
variation, and the percent inaccuracy for RDX, DNT, and TNT determination
in plasma are given in Figures 5, 6, and 7, respectively. Representative
RPLC chromatograms are shown for a plasma blank (Figure 8), a 100-ng/ml
plasma sample (Figure 9), and a 1,000-ng/ml plasma sample (Figure 10). The
raw data and calculations for the plasma sample determinations are given in
Tables 9 to 12 in the Appendix.

7. STATISTICAL EVALUATION OF DATA: A statistical evaluation of
the data obtained for the determination of RDX, DNT, and TNT in plasma
(Tables 2, 3 and 4) by the Hubaux and Vos detection limit program was made
at the U.S. Army Toxic and Hazardous Materials Agency. The results of these
evaluations are given in Table 5 for RDX, Table 6 for DNT, and Table 7 for
TNT. When the 2000 and 1500 ng/ml data points were omitted, the detection
limits for RDX, DNT, and TNT in plasma as determined by the program were
145, 256, and 248 ng/ml, respectively. The average nanograms per milliliter
found at each level were determined from the linear regression equation for
the 48 data points and the nanogram per milliliter added at that level.
The standard deviation and percent imprecision (coefficient of variation)
at each level were calculated based on this average nanograms per milliliter
found. Thus, these values and the values given in Tables 2, 3, and 4 (based
on the average of the eight assays at each level) are not comparable. The
present inaccuracy term was calculated from the average of the eight data
points at each level, and thus agrees with the values in Tables 2, 3 and 4.

6
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T EPLC Conditions

* 1JE __Column: Spharisorb ODS, 5 it,
7 _ 250 x4.6 =ID

Eluent: 302 acetonitrile in
T -17; i 1%acetic in~ water

UFlow Rate: 1. lmi

7 Dtector: UV, 234 nm

L! ~4 Sample Characteristics

- I Concentrations: RDX, DNT, TNT,
ald tetryl - 500 ng/ml;

7-177 IS - 1,000 nglml
-' 11

7 - r 'injection volume: 70 ul
* - ~ ~ -- -Attenuation: 0.01 X

- --. N7 -L.

I 19 - I L -- Retention Indices

-Retention Retention
Volume Time

I-RDX 13.59- - -i--~~~-is 22.5 i5
U - --- tetryl T NT 34.5 23

tetryl 39 26

7 ------~

_7 .1

10 20 &in

Figure 1 - RPLC Separation of RDX, DNT, TNT, and TetrylI SAWMS and Propiophenone (IS)
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2000- Uneor Regression
y - 0.825X + 14

Correlation Coefficient : .M9

NN.

5W I

100A

1100 500 1000 1500 2000 '-
Nanogrom/Mi Ili liter RDX Added

Figure 2 -Determination of RDX in Plasma L
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2000 Uneor RegresitonI y 0.659X + 6
Correlation Coefficient :0.982

I 1500-
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2000- Unear Regression
y -O.785X- + 6

Correlation Coefficient: 0.988
i ; i ,

* 1500-

zB

500

E100

II I

* 50

0 100 500 1000 1500 20COJ

Nanogram/Mii liiter TNT Added

Figure 4 Determination of TNT in Plasma
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, .:' -. , K . , - .. ,,.N/ ,- 
-i .

S aLI

S. .... .. PLC Conditions

. L Column : Spherisorb ODS, 5 U,. 250 x 4.6 am ID

Eluent: 30% acetonitrile in1% acetic acid in water*. I Flow rate: 1.5 ml/min
I I !Chart speed: 0.1 in./min

S.*'. . Detector: UV, 254 nm

S le Characteristics
" i i 1.0 ml plasma ca racted 3 x 2 ml L

I with toluene. Toluene evaporated
and sample reconstituted to 1 ml

" .'. .I S c o n c e n t r a t i o n : 1 , 0 0 0 n g / m lS ,Injection 
volume: 70 Ul

-Attenuation: 0.01 X

ii

... ... .. .... .. ...."
dII

* RDX

MtoDeomn. "I iniae toun onaiat

"I - " , ' D . ... .. i i

F re 8 ndcaAnalsion ps a ofo RD, DNT, and TNT
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HPLC Conditions

Column: Spherisorb ODS, 5 v,

250 x 4.6 mm ID
Sluent: 30% acetonitrile in

1% acetic acid in water

Flow rate: 1.5 ml/mmn
Chart speed: 0.1 in./min
Detector: UV, 254 runm

Sample Characteristics

1.0 .1 plasma containing
X 100 ng/al RDX, DNT and TNT- Iextracted 3 x 2 ml with toluene.

Toluene evaporated and sample

reconstituted to 1 ml

IS concentration:. 1,000 ng/ml

Injection volume: 70 ul

Attenuation: 0.01 X

I
ii

"" ILRX 
Dill

-V I I I I I

I Inj 15 30 ml

10 20 min

* Figure 9 - HPLC Analysis of Plasma Containing 100 ng/al RDX, DNT, and TNT.
"X" indicates toluene contaminant.
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TABLE 8 (concluded)

Relative Weight Response

Relative ii
Standard Standard

Average Deviation Deviation -

RDX 0.95 ± 0.05 5.2%
DNT 1.07 ± 0.05 4.9%
TNT 0.89 ± 0.04 5.1% j

t
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APPENDIX C

IDENTIFICATION OR DEVELOPMENT OF CHEMICAL ANALYSIS METHODS
FOR PLANTS AND ANIMAL TISSUE

METHOD REPORT NO. 2

METHOD DEVELOPMENT FOR THE DETEPJIINATION OF
CYCLOTRIMETHYLENETRINITRAM INE (RDX), DINITROTOLUENE (DNT),

AND TRINITROTOLUENE (TNT) IN KIDNEY

September 1980

Contract No. DAAK11-79-C-0110
KRI Project No. 4849-A

For

U.S. Army Toxic and Hazardous Materials Agency
Dr. L. Eng, DRXTH-TE-D, Project Officer

Aberdeen Proving Ground (EA), Maryland 21010
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Th views, opinions, and/or findings contained in this report are
those of the authors and should not be construed as an official
Departnent of the Army position, policy, or decision, unless so1
designated by other documentation. 
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IS, 28.5 m1, 19 3m; DNT, 37.5 ml 25 min; and TNT, 42 ml, 28 min; and are
detectee and quantified by an ultraviolet detector at 254 am, Reference solu-
tions of the compounds have a linear response from 100 ng/ml to 2,000 ng/ml.
The kidney samples were prepared by adding 1 ml 10% sodium chloride containing
2% acetic acid to 1 g kidney and extracting the sample with 3 x 2 ml toluene.
The toluene was evaporated at room temperature under a stream of nitrogen gas.
The residue was dissolved with 0.5 ml acetonitrile which contained 1,000 ng IS
and the final volume was adjusted to 1 ml with high-purity water. The sample
was filtered through a 0.45-p Fluoropore filter and injected onto the HPLC sys-
tem. The analytical method was evaluated by preparing and analyzing duplicate *1
samples containing 0, 100, 500, 1,000, 1,500, and 2,000 ng/g of each compound
on four succeeding days. Linear regression analysis of the data gave the fol-
lowing equations and correlation coefficients: RDX, y - 0.973x + 7.1, 0.999;
DNT, y = 0.707x - 3.5, 0.991; and TNT, y - 0.746x - 5.4, 0.992. Thp average
coefficient of variation and average percent inaccuracy for RDX, DNT, and TNT
determination in kidney were 7%, -0.6; 9%, -29; and 11%, -25, respectively. j
A small peak eluted just prior (approximately 1.5 ml) to RDX and may interfere
with the quantitation of RDX at low levels. This peak represented less than
50 ng/g RDX in each of the blank kidney samples analyzed. A statistical eval-
uation of the data by the Hubaux and Vos detection limit program gave detection
limits of 95 ng/g for RDX, 179 ng/g for DNT, and 211 ng/g for TNT for the HPLC
determination of these compounds in kidney samples.

II
II
ii

MNC~uIItTY CL.ASSIFICATION OF THIS PAGC(WhreI DV*a Snterso),

1041
_7 77



PREFACE

The report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 64110, under U.S. Army Toxic and Hazardous
Materials Agency Contract No. DAAKII-79-C-0110, MRI Project No. 4849-A,
"Identification or Development of Chemical Analysis Methods for Plants and
Animal Tissues." Dr. Leslie Eng, DRXTH-TE-D, was the Project Officer for
this research effort.

This work was condurted in the Analytical Chemistry Departnent
Dr. James L. Spigarelli, Director. The research effort was directed by

Dr. Duane B. Lakings, Program Manager and Senior Chemist, with assistance
from Mr. Owen Gan, Assistant Chemist, and Ms. Mary Valla, Senior Technician.
This report was prepared by Dr. Lakings and Mr. Gan.

I MIW I RESEARCHINSTITUTE

Owen Gan
ss tant Chemis t

Duane B. LakingsI Program Manager and Senior Chemist

Approved:

James L. Spigarelli, DirectorIAnalytical Chemistry Department

105



TABLE OF CONME.NS i
Page

1. Application .......................... Ii

2. Chemsjtry . . ......... I
3. Appratus .. .. .. ...... . ....... ........... 2

4. Standards .. .. .. ....... ....... ...........3j

5. Procedures for Kidney Sample Determination. .. .. .. ........ 4

6. Calculation .. .. .. ...... ....... ........... 6

7. Statistical Evaluation of Data .. .. .. .. ....... ...... 7

Appendix -Method Development for the Determination of RDX, DNT,
and TNT in Kidney Samples. .. .. .. ........... 25

1061



LIST OF FIGURES

Number Title Page

1 HPLC Separation of RDX, DNT, TNT, and Tetryl SARMS
and Propiophenone (IS) .... ................. 8

2 Determination of RDX in Kidney ..... .............. ... 13

3 Determination of DNT in Kidney ..... .............. ... 14

4 Determination of TNT in Kidney ..... .............. 5

5 Standard Deviation for RDX, DNT, and TNT in Kidney
Samples ........ ......................... .... 16

6 Coefficient of Variation for RDX, DNT, and TNT in Kidney
Samples ........ ......................... .... 17

7 Percent Inaccuracy for RDX, LNT, and Tr in Kidney
Samples ............ ........................ 18

8 RPLC Analysis of Blank Kidney Sample for RDX, DNT,
and TNT Method Development .... ............... .... 19

9 RPLC Analysis of Kidney Containing 100 ng/g RDX, DNT,
and TNT ........ ......................... .... 20

10 HPILC Analysis of Kidney Containing 1,000 ng/g RDX, DNT,
and TNT . .................. ......... 21

I

10

107

. . .. - 4 - . -.....-- r . ., - .- -W . ., .. - . .~.. .. ..



LIST OF TABLES {
Number Title Page

1 Linearity and Precision of the HPLC-UV Determination of
SARH Reference Solutions of RDX, DNT, and TNT ........ .. .9

2 HPLC-UV Determinations of RDX in Kidney Samples ...... ... 10

3 HPLC-UV Determinations of DNT in Kidney Samples ...... .... 11 -1

4 HPLC-UV Determinations of TNT in Kidney Samples ...... ... 12 .1
5 Statistical Evaluation of RDX in Kidney Data by the 1

Hubaux and Vos Detection Limit Program .... ......... 22

6 Statistical Evaluation of DNT in Kidney Data br the
Hubaux'and Vos Detection Limit Program .... ......... 23 a

7 Statistical Evaluation of TNT in Kidney Data by the
Hubaux and Vos Detection Limit Program .... ......... 24 ii

Appendix Linearity and Precision of RDX, DNT, and TNT Determination ii
by High Performance Liquid Chromatography .... ........ 26

9 Determination of RDX, DNT, and TNT in Kidney Samples . 28 

10 Determination of RDX, DNT, and TNT in Kildney Samples . . . 30

11 Determination of RDX, DNT, and TNT in Kidney Samples . 32

12 Determination of RDX, DNT, and TNT in Kidney Samples . . . 34

vI
i1LI

V ii
10 H



Midwest Research Institute
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Kansas City, Missouri 64110

for

U.S. Army Armament Research and Development Command
Aberdeen Proving Ground (Edgewood Area)

Maryland 21020

Contract No. DAAKll-79-C-0110

Identification or Development of Chemical Analysis Methods
for Plant and Animal Tissues

METHOD DEVELOPMENT FOR THE DETEPMINATION OF
CYCLOTRIMTHrYNETRINITRAMINE (RDX), DINITROTOLUENE (DNT),

AND TRINITROTOLUENE (TNT) IN KIDNEY

1. APPLICATION: The developed method is for the quantitative
determination of RDX, DNT, and TNT in animal kidney samples using high per-
formance liquid chromatography (HPLC) with ultraviolet (UV) detection at
254 mm.

a. Evaluated Concentration Range: The concentration range
of RDX, DNT, and TNT studied in reference solutions and in kidney samples
was 100 to 2,000 ng/g (parts per billion, ppb).

b. Sensitivity: A signal-to-noise ratio of 6 to I for RDX
(peak height (PH), 25 m), 9 to I for DNT (PH, 40 mm), and 8 to 1 for TNT
(PH, 30 m) was obtained with an injection of 50 pl of a 100 ng/ml solution

of each compound (ca. 5 ng each compound on column).

c. Detection Limits: 95 ng/g RDX, 179 ng/g DNT, and 211
ng/g TNT using the Hubaux and Vos detection limit program.

d. Interferences: No interfering kidney components were
found to elute with the same retention volume as DNT or TNT. A small peak
eluted Just prior to RDX and interfered with the quantification of RDX at
low levels. This peak corresponded to less than 50 ng/g RDX.

e. Analysis Rate: The chromatographic time per injection
was 40 min. Two reference solutions were analyzed prior to injecting the
prepared samples, and two were analyzed during the day (160 min total time).
Thus, a total of eight prepared kidney samples (320 min total time) can be
analyzed during an 8-hr day.

2. CHEMISTRY: RDX, DNT, ind TNTr are munition compounds manufac-
tured at various installations. The possible environmental contamination
of these compounds, particularly in plants and animals, is of concern.

-1
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The determination of the kidney levels of RDX, DNT, and TNT in animals may
provide information on the extent and level of contamination at the produc-
tion facilities and in the surrounding area. Each of these munitions has a
sufficient UV chromophore at 254 am to allow UV detection and quantification.
These munitions are of intermediate polarity and have limited water solubility.
Normally, biological matrices have a large number of components which will
interfere with the detection and quantification of low levels of compounds.
Reverse phase HPLC in capable of separating compounds with similar chemical ii
and physical properties; the elution order of the technique is based on the
polarity of the compounds, the more polar compounds being eluted first.
Thus, by extracting the biological matrix, i.e., kidney, with an intermedi-
ate polarity solvent and analyzing the extract by HPLC, a simple sample
preparation and analysis system may be defined for the determination of
RDX, DNT, and TNT in kidney samples. ii

3. APPARATUS:

a. Instrumentation: A Waters isocratic liquid chromatographic I
system consisting of a Model 6000A pump, Model U6K injector, and Model 440
UV detector. A general purpose centrifuge (Dynac, Clay Adams 0101) with a
24-place head.

b. HPLC Parameters:

1. Column: Spherisorb ODS, 5 p, 250 x 4.6im ID. ]

2. Eluent: 30% acetonitrile in 1. acetic acid in water.

3. Flow rate: 1.5 ml/min.

4. Detector: UV, 254 nm.

5. Internal standard: propiophenone, 1,000 ng/ml.

6. Injection volume: 50 to 100 pjl.

7. Retention volumes and times: RDX, 15 ml, 10 min;
DNT, 37.5 ml, 25 min; TNT, 42 ml, 28 min; IS,
28.5 ml, 19 min. NOTE: Slight changes in the
retention indices may occur with fresh eluent or
a change in columns.

A representative HPLC chromatogram for RDX, DNT, and TNT is
shown in Figure 1. Also included on the chromatogram are peaks for an in-
ternal standard (propiophenone) and 2,4,5-triuitrophenylmethylnitramiue
(tetryl).

2U
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I

c. Lnboratory Glassware and Equipment:

I 1. Culture tubes (Pyrex) with Teflon-lined screw caps.

2. Volumetric flasks (100 sl).

3. Volumetric syringes (0-100 pl, 0-500 pl, and 0-
1,000 pl).

4. Automatic pipetter (0-5 ml).

5. Six-speed Waring-type blender with glass container.

6. Teflon-glass, motor-driven tissue homogenizer.

7. Filtering apparatus including filter holders, 5-alI disposable syringes, and 0.45 p Fluoropore filters.

8. Inert gas (nitrogen) drying train with 12 ports.

d. Chemicals:

1. Toluene and acetonitrile, "Distilled in Glass" grade.

2. Acetic acid and sodium chloride, ACS grade.

3. High purity water from a Milli-Q water purification
system.

*4. RDX, DNT, and TNT SARHa, obtained from the U.S. Army
Toxic and Hazardous Haterials Agency.

5. Propiophenone (internal standard), analytical grade.
I 4. STANDARDS:

a. Stock: Weigh approximately 20 mg of TNT, DNT, RDX and
tetryl SARM or interim SARM into separte 100-ml volumetric flasks. Dissolve
each compound in acetonitrile and dilute to volume. The concentration of
each compound is 200 pg!ml.. Quantitatively pipette 20 ml from each stock
above into a 100-ol volumetric flask and dilute to volume with distilled
water. Concentration of each compound is 40 pg!ml.

b. Working: Pipette 10 al of the 40 pg/ml of each compoundSstock into a 100-al volumetric flask and dilute to volume with high purity
water. Concentration of each compound is 4 pg/al.

I

I1 3
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Reference solutions were prepared from this stock as follows: I

Concentration
pl Working p1 IS pl 10 Acetonitrile Each Compound

Stock Stock* in Water (ng/ml)
-1

500 500 0 2,000
375 500 125 1,500
250 500 250 1,000 -!

125 500 375 500 1
25 500 475 100

0 500 500 0

* Preparation of IS stock given in "c" below.
-1

c. Internal Standard Stock: Weigh 10 mg propiophenone into
a 100-mi voltimetric flask and dilute to volume with acetonitrile (concentra-
tion, 100 pg/ml). Quantitatively pipette 10 ml of the 100 pg/ml stock into
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra- -'

tion, 10 pg/ml). A final working solution of 2.0 pg/ml is prepared by pipet-
ting 20 ml of the 10 pg/ml stock into a 100-ml volumetric flask and diluting
to volume with acetonitrile.

5. PROCEDURES FOR KIDNEY SAMPLE DETERMINATION: ,

a. Kidney Sample Preparation: The procedure employed to
prepare kidney samples for the HPLC-UV determination of RDX, DNT, and TNT
consisted of:

.J. Place approximately 50 g of kidney into a Waring-
type blender and blend for 1 min on speed six (liquify). Note: To corn-
pletely liquify the kidney sample, the sides of the glass container are i
scraped with a spatula.

2. Transfer approximately 10 X of the liquified kidney I
sample to a motor-driven Teflon-glass homogenizer.

3. Homogenize the sample for 30 sec to disrupt the cell
walls of the kidney sample. Note: The homogenization step is necessary to
solubilize the intercellular compounds prior to the extraction step.

4. Repeat steps 3 and 4 on the remaining liquified kidney j
samples and combine the homogenized samples.

5. Accurately weigh 12 1.0 g homogenized kidney aliquots
intuo culture tubes with Teflon-lined screw caps.

4[
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I
6. Spike two each of the homogenized kidney aliquots

with the working stock (4 pg/ml each RDX, DNT, and TNT) at the following
levels: 2,000 ng (500 pl); 1,500 ng (375 p1); 1,000 ng (250 pl); 500 ng
(125 pl); and 100 ng (25 pl). The remaining two kidney aliquots serve as
kidney sample blanks. All samples are adjunted to a total volume of 1.5 .l
with high purity water containing 10% acetonitrile.

I 7. Add 1.0 ml of a 10% sodium chloride solution con-

taining 2% acetic acid to each aliquot.

I 8. Mix thoroughly on a vortex mixer.

9. Extract the kidney samples with 2 ml toluene
("Distilled in Glass" grade) by vortexing for 30 sec followed by centrifuga-
tion at 1,000 rpm for 20 min. Note: The centrifugation step is required
to break the emulsion formed during extraction.

I 10. Transfer the toluene extracts to properly labeled
culture tubes with Teflon-lined screw caps.

S11. Repeat the toluene extraction (steps 9 and 10)
twice more, combining the toluene extracts in the appropriate tubes.

12. Evaporate the toluene at room temperature under a
stream of nitrogen. NOTE: Do not heat the samples during the evaporation
step, or loss of RDX, DHT, and TNT may occur. Continue evaporation until
toluene has been completely removed from the culture tube.

13. Add about 1.0 ml ethyl acetate to the kidney sample
residues and vortex mix for 30 sec.

I 14. Evaporate the ethyl acetate at room temperature
under a stream of nitrogen. NOTE: The ethyl acetate aids in removing the
last traces of toluene from the kidney samples.

I]
15. Dissolve the residues in 500 pl acetonitrile con-

taining 1,000 ng IS and mix thooughly on a vortex mixer.

16. Add 500 pl high-purity water to each extracted kidney
sample and mix thoroughly. NOTE: Final volume of the prepared samples in

I 1.0 ml.

17. Filter the solutions through 0.45-p Fluoropore

, filters into culture tubes.

\ I 18. Analyze a 50- to 100-pl aliquot of each prepared
kidney sample by HPLC.

19. After the elution of the TNT neak, wash the column
for 3 min with 100% acetonitrile at 1.5 ml/min to remove any late eluting
compounds. NOTE: The acetonitrile wash step is required to prevent possible
interference in the chromatographic analysis of the next sample.

.1 5
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11
20. After the 3-min wash, switch the system back to

the eluent. Allow approximately 7 min for equilibration prior to the next
injection.

b. Calibration: The reference solutions described in Sec-
tion 4.b were prepared and analyzed in quadruplicate. The relative weight
response (RWR) (Eq. 1) of each compound was calculated and the average RWR
utilized to determine the nanograms of each compound in every reference solu-
tion (Eq. 2). The na'ograms found were plotted against the nanograms added,
and a linear regression evaluation of the data was conducted. The slope, -.

intercept, and correlation coefficient for each compound were determined.
The data are sumarized in Table 1, which includes the average value at each
level for each compound, the standard deviation, coefficient of variation T
(relative standard deviation), and the percent inaccuracy. The raw data
and calculations are given in Table 8 of the Appendix.

R= Peak Height Cpd np/ml IS (Eq. 1)

Peak Height IS - ng/ml Cpd
-T

ng/ml or ng/g compound = Peek Height Cpd ng/ml IS (Eq. 2)
=mPeak Height IS x Avg. RWR

.6

c. Kidney Sample Analysis: The kidney samples prepared as
outlined in Section 5.a were injected onto the HPLC system. The peak height ".
of each compound was measured and recorded. Kidney samples were prepared o1
and analyzed on four succeeding days.

6. CALCULATION: The level (nanograms per gram) of each compound
in the kidney samples was determined using the relative weight response to
an internal standard method. The RWR values (Eq. 1) for the reference solu-
tions analyzed with a day's set of kidney samples were calculated, and the
average values for RDX, DNT, and TNT were determined. These RWR values were
employed to calculate the kidney sample level of each compound by Equation
2, where nanograms per gram represents the level found in the kidney sample.
The results for the duplicate determinations of RDX, DNT, and TNT in kidney ii
samples at five different levels on four succeeding days are summarized in
Tables 2, 3, and 4. The average level found, the standard deviation, co-
efficient of variation, and percent inaccuracy are also included. A linear il
regression evaluation of the results was made; the slope, intercept, and
correlation coefficient are given in the tables. The level of each compound
found in the kidney samples was plotted against the amount added, and these
data are shown in Figures 2, 3, and 4. A graphic presentation of the stan-
dard deviation, coefficient of variation, and percent inaccuracy for the
determidation of RDX, DNT, and TNT in kidney samples is given in Figures 5,
6, and 7, .espectively. Representative HPLC chromtograms are shown for a
kidney sample blank (Figure B), a 100 ng/g kidney sample (Figure 9), and a
1,000 ng/g kidney sample (Figure 10). The raw data and calculations for
the kidney sample determinations are giv.n in Tables 9 to 12 in the Appendix.

61[
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7. STATISTICAL EVALUATION OF DATA: A statistical evaluation of

the data obtained for the determination of RDX, DIET, and TNT in kidney samples

(Tables 2, 3, and 4) by the Hubaux and Vos detection limit program was made

at the U.S. Army Toxic and Hazardous Materials Agency. The results of these

evaluations are given in Table 5 for PDX, Table 6 for DNT, and Table 7 for

TNT. When the 2,000- and 1,500-ng/g dita points ve:e omitted, the detection

limits for RDX, DNT, and TNT in kidney as determined by the program were

95, 179, and 211 ng/g, respectively. The average nanograms per gram value

found at each level was determined from the linear regression equation for

the 48 data points and the nanograms per gram added at that level. The stan-

aird deviation and percent imprecision (coefficient of variation) at each

level were calculated bamed on this average nanograms per gram value found.

Thus, these values and the values given in Tables 2, 3, and 4 (based on the

average of the eight assays at each level) are not comparable. The percent

inaccuracy term was calculated from the average of the eight data points at

each level, and thus agrees with the values in Tables 2, 3, and 4.

I7
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71 j EPLC Conditions

Column: Spherisorb ODS, 5 vi,
250 x 4.6 urm ID

Eluent: 30% acetonitrile in
1% acetic in water

Flow Rate: 1.5 al/min

V Chart Speed: 0.1 in./min

... .6 0-fr Detector: UV, 254 n -

Samp~le Characteristics ~

-7 Concentrations: RDX, DNT, TNT,

--- and-- tetryl - 500 nglml;
is - 1,000 ug/ml

~f~I..i~tI~ __Injection volume: 70 u1
Attenuation: 0.01 X

Retention Indices

Retention Retention
Volume Time

-7T-* Compound (ml (mi)

RX13.5 9
is 22.5 15

- D-t 31.5 21 -

tetryl 39 26 .

-j I

10 CO mIn

Figure 1 -HPLC Si-paraticu of RDX, ON?, TNT, and 'Tetryl
SARMS and Propiophenone (IS)
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2000- Unear Regresson

y - 0.973X +7.1
Correlation Coefficient : 0.999

1500

x

~1000-

101

I I, II
00 500 1000 1500 2000

nanogramign RDX Added

Figure 2 - Determination of RDX in Kidney
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2000- U near Regresson
y =0.707X -3.5

Corre lation Coefficient a0.991

1500-I

JI
z
L 1000I

500-

100 Ii
0 100 500 1000 1500 2000 L

nanogramn/gm D NT Added L
Figure 3 -Determination of DNT in Kidney
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2000- Unear Regression

y - 0.746X - 5.4
Correlation Coefficient : 0.992I

I+

1 1500 -

I

I

10(I

II
I I , z

010500 1000 1500 2000

i nanogram/gm TNT Added

Figure 4 Determination of TNlT in Kidney
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m HPLC Conditions:

Column: Spherisorb ODS, 5 1J,

is 25G x 4.6 mm ID
Eluent: 30! acetonitrile in

m 12 acetic acid in water
t Flow Rate: 1.5 ml/min

- Chart Speed: 0.1 in/min
i Detector: UV, 254 nm

Sample Characteristics:

1.0 g kidney extract
3 x 2 al vith toluene.
Toluene evaporated and sample
reconstituted to 1.0 ml.

IS Concentration: 1,000 ng/ml
Injection Volume: 70 pl
Attenuation: 0.01 X

DNT

5 j 15 A.. 30 a I

191

ire82 C A y o

MethodI, i~ Deeomn.""idctstleecnaiat

Ui rrow ndicPte enl tion posiktione ofp or DX, DT, and T
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**~ iPLC Conditions:

is Column: Spherisorb ODS, 5 pi,
250 x 4.6 mm ID

* Eluent: 30% acetonitrile in

1% acetic acid in water
Flow PAte: 1.5 mi/min
Chart Speed: 0.1 in/min

- - Detector: UV, 254 rim

Sample Characteristics:

1.0 g kidney containing
100 ng/g RDX, DNT, and TNT

extracted 3x 2 ml with toluene.
Toluene evaporated and sample
reconstituted to 1.0 ml. -

IS Concentration: 1,000 ng/ml
-.... .... Injection Volume: 70 V1l

1 Attenuation: 0.01 x

~~71

* IT

RDX 

DN k

I 15 30 ni
10 20 mini

Figure 9 - PLC Analysis of Kidney Containing 100 ng/g RDX, DNT, and TNT.
"10' indicates toluene contaminant.[1
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iPLC Conditions:

IS Colmi: Spherisorb ODS, 5 p,

250 x 4.6 mm IDElumst: 30Z acetonitrile in

1. acetic icid in water
Flow late: 1.5 al/mmn

DNT Chart Speed: 0.1 in/min
' T Detector: UV, 254 nm

IDX Sample Characteristics:

I 1.0 g kidney containing
1.000 ng/g RDX, DNT, and TNT
extracted 3 x 2 ml withI, toluene. Toluene evaporated

JTNTand sample reconstituted toii 4 .NT ml o*. oo o ,
1:1 Is Concentration: 1,000 tig/miI g 'Injection: 70 ul

Attenuation: 0.01 X

I r i ;

I I

Inj 15 30 ll
10 20 min

Figure 10 - HPLC Analysis of Kidney Containing 1,000 ng/g

RDX, DNT, and TNT
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APPENDIX

HMOD DEVELOPrNT FOR TIM DETERMINATION
OF RDX, DNT, AND TNT IN KIDNEY SAMPLES

RAW DATA AND CALCUL-ATIONS
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I

ITABLE 8 (concluded)

I Relative Weight Response

Relative

Standard Standard

Average Deviation Deviation

I RDX 0.95 ± 0.05 5.2%
DNT 1.07 ± 0.05 4.9%

I TNT 0.89 ± 0.04 5.17.

I
I
I
I
I
I

I
I
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METHODS rOR PLANTS AND ANIMAL TISSUES
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METHOD DEVELOPMENT FOR THE DETERMINATION OF CYCLOTRIMETHYLENE-
TRINITRAMINE (RDX), DINITROTOLUENE (DNT) AND TRINITROTOLUENE
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The views, opinions, and/or findings contained in this report are
those of the authors and should not be construed as an official Department
of the Ary position, policy, or decision, unless so designated by other
documentation.
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Midwest Research Institute
Analytical Chemistry Department
Kansas City, Missouri 64110

for

U.S. Army Armament Research and Development Command
Aberdeen Proving Ground (Edgewood Area)

Maryland 21010

Contract No. DAAK11-79-C-0110

Identification or Development of Chemical Analysis Methods
for Plants and Animal Tissues

METHOD DEVELOPMENT FOR THE DETERMINATION OF CYCLOTRIMETHYLENE-
TRINITRAMINE (RDX), DINITROTOLUENE (DNT) AND TRINITROTOLUENE

(TNT) IN MUSCLE/FAT SAMPLES

1. APPLICATION: The developed method is for quantitative deter-
mination of RDX, DNT, and TNT in animal muscle/fat tissue samples using high
performance liquid chromatography (HPLC) with ultraviolet (UV) detection etJ 254 ni.

a. Evaluated Concentration Range: The concentration range
of RDX, DNT, and TNT studied in reference solutions was 100, 500, 1,000,
1,500, and 2,000 ng/ml and in muscle/fat samples was 50, 100, 200, 500, and
1,000 ng/g (parts per billion, ppb).

b. Sensitivity: A signal-to-noise ratio of 6 to 1 for RDX
(peak height (PH) - 25 mm), 9 to 1 for DNT (PH - 40 mm), and 8 to I for TNT
(PH - 30 ma) was obtained with an injection of 50 pl of a 100 ng/ml solution
of each compound (ca. 5 ng each compound on column).

c. Detection Limits: The detection limits in the muscle/fat
tissue were 62 ng/g for RDX, 66 ng/g for DNT, and 62 ng/g for TNT using the
Hubaux and Vos detection limit program.

d. Interferences: No interfering components from th? muscle/
fat samplTe erfound to elute with the same retention volumes as RDX, DNT,
or TNT. The RDX peak eluted as a shoulder on a large peak(s) and was mea-
sured by the tangent method.

e. Analysis Rate: The chromatographic time per injection
was 40 min. Two reference solutions were analyzed prior to injecting the
prepared muscle/fat samples and two were analyzed during the day (160 min
total time). Thus, a total of eight prepared muscle/fat samples (320 min
total time) can be analyzed for RDX, DNT, and TNT levels during an 8-hr day.

2. CHEMISTRY: RDX, DNT, and TNT are munition compounds manufac-
tured at various installations. The possible environmental contamination
of these compounds, particularly in plants and animals, is of concern. The

I
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determination of muscle/fat levels of RDX, DNT, and TNT in animals may provide
iDformatior! on the extent and level of contamination at the production zacili-

ties and in the surrounding area. Each of these munitions has a sufficient
UV chromophore at 254 nm to allow UV detection and quantification. Thse
munitions are of intermediate polarity and have limited water solubility. -!

Normally, biological mattices have a large number of components which will
interfere with the detection and quantification of low levels of compounds.
Reverse phase HPLC is capable of separating compounds with similar chemical
and physical properties; the elution order of the technique is based on the
polarity of the compounds, the more polar compounds being eluted first. 1
Thus, by extracting the biological matrix, i.e., mutcle/fat, with an inter-

'a mediate polarity solvent and analyzing the extract by HPLC, a simple sample
preparation and analysis system may be defined for the determination of RDX,
DNT, and TNT in muscle/fat samples.

3. APPARATUS:

a. Instrurentation: A Waters isocratic liquid chromato-
graphic system consisting of a Model 6000A pump, Model U6K injector, and
Model 440 UV detector. A general purpo3e centrifuge (Dynac, Clay Adams I
0101) with a 24-place head.

b. HPLC Parameters: 1
1. Column: Spherisorb ODS, 5 p, 250 x 4., - ID.

2. Eluent: 28% acetonitrile in 1% acetic acid in
water. NOTE: 30% acetonitrile eluent was employed
for precision and accuracy evaluations of reference

solutions. The 28% acetonitrile eluent was required
to obtain better resolution of RDX in the muscle/fat
samples.

3. Flow rate: 1.5 ml/min.

4. Detector: UV, 254 nm. j
S. Internal standard: Pripiophenone, 1,000 ng/ml.

6. Injection volume: 50 to 100 pl. 3
7. Retention volumes and times: RDX, 18 ml, 12 min;

DNT. 43.5 ml, 29 4in; TNT, 48 ml, 32 min; and
!1 33 ml, 22 min in the 28% acetonitrile eluent.
NOTE: Slight changes in the retention indices may
occur with fresh eluent or a change in column.

A representative HPLC chromatogram for RDX, DNT, and TNT is
shown in Figure 1. Also included on the chromatogram are peaks for the 2

internal standard (propiophenone) and 2,4,6-trin4 trophenylmethylnitramine
(tetryl).
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c. Laboratory Glassware and Equipment:

1. CQlture tubes (Pyrex) with Teflon-lined screw ('aps.

1 2. Volumetric flasks (100 ml).

3. Volumetric syringes (0-100 pl, 0-500 p1, and 0-
1,000 pl).

4. Automatic pipetter (0-5 ml).1 5. Six speed Waring-type blender with glass container.

6. Teflon-glass, motor-driven tissue homogenizer.

7. Filtering apparatus including filter holders, 5-ml

disposable syringes, and 0.45 p Fluoropore filters.

18. Inert gas (nitrogen) drying train with 12 ports.

I d. Chemicals

I. RDX, DNT, and TNT SARS, obtained from the U.S.
Army Toxic and Hazardous Materials Agency.

2. Propiophenone (internal standard), analyticalgrade.

13. Acetonitrile, "Distilled in Glass" grade; and
acetic acid, ACS grade.

( 4. High purity water from a Milli-Q water purification
system.

1 4. STANDARDS:

a. Stock: Weigh approximatley 20 mg of RDX, DNT, TNT, and
J tetryl SARM or interim SARM into separate 100-ml volumetric flask. Dissolve
Ieach compound in acetonitrile and dilute to volume. The concentration of

each compound is 200 pg/ml. Quantitatively pipette 20 ml from each stock
3above into a l00-ml volumetric flask and dilute to volume with distilled

water. Concentration of each compound is 40 pg/ml.

b. Working: Pipette 10 ml of the 40 pg/ml each compound
stock into a 100-ml volumetric flask and dilute to volume with high purity
water. Concentration of each compound is 4 pg/ml. Reference solutions
were prepared from this stock as follows:

I
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Concentration
pl Working p1 IS pl 10% Acetonitrile Each Compound

Stock Stock* in Water (ng/ml) .3

500 250 250 2,000
375 250 375 1,500
2-0 250 500 1,000
125 250 625 500 -

25 250 725 100 .
0 250 750 0

* Prepration of IS stock given in "c." 1
These reference solution ccncentrations were employed for precision and
accuracy evaluations of the analytical technique. During the determination
of RDX, DNT, and TNT in muscle/fat samples, reference solution-concentrations
of 100, 200, 400, 1,000 and 2,000 ng/ml of each compound were used. 1

c. Internal Standard Stock: Weigh 10 mg propiophenone into
a lOC-m! volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 100 pg/ml). Quantitatively pipette 20 ml of the 100 pg/ml stock into
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 20 pg/ml). A final working solution of 4.0 pg/ml is prepared by pipet-
ting 20 ml of the 20 pg/ml stock into a 100-ml volumetric flask and diluting "[
to volume with acetonitrile. .

5. PROCEDURE FOR MUSCLE/FAT SAMPLE

a. Huscle/Fat Sample Preparation: The procedure employed I
to prepare muscle/fat samples for the HPLC-UV determination of RDX, DNT,
and TNT consisted of:

1. Place approximately 50 g of the muscle/fat composite
tissue into a Waring-type blender and blend for I min on speed six (liquify).
NOTE: To completely liquify the muscle/fat sample, the sides of the glass I
containers are scraped with a spatula.

2. Transfer approximately 10 g of the liquified muscle/
fat saple to a motor-driven Teflon-glass homogenizer.

3. Homogenize the sample for 30 sec to disrupt the
cell walls of the muscle/fat sample. NOTE: The homogenization step is
necessary to solubilize the intercellular compounds prior to the extraction
step.

4. Repeat steps 3 and 4 on the remaining liquidified

muacle/fat sample and combine the homogenized samples.

5. Accurately weigh 12 2.0 g homogenized muscle/fat £1
sample aliquots into culture tubes with TeZlon-lined screw caps. Ii'

4
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6. Spike two each of the homogen4.zed muscle/fat aliquots
with the working stock (4 pg/ml each RDX, DNT, and TNTj at the following
levels: 2,000 ng (500 pl), 1,000 ng (250 pl), 400 ng (100 pl), 200 ng (50
pl), and 100 ng (25 pl). The remaining two muscle/fat aliquots served as
blanks.

7. Adjust the sample volume to 2.5 ml with high purity
water containing 10% acetonitrile assuming 2 g muscle/fat sample equals 2
ml.

8. Add 6.0 ml acetonitrile to each aliquot and mix
thoroughly on a vortex mixer for at least 2 win.

9. Centrifuge at 1,000 rpm for 20 min.

10. Transfer the acetonitrile layers to properly
labeled culture tubes with Teflon-lined screw cap.

11. Repeat the acetonitrile extraction using 3 ml
acetonitrile and combine the extracts in the appropriate tubes.I

12. Concentrate the acetonitrile to approximately 250
p1 at room temperature under a stream of nitrogen. NOTE: Do not heat the
samples during the evaporation steps or loss of RDX, DNT, and TNT may occur.

13. Add 250 pl IS stock (1,000 ng) to each extracted
muscle/fat sample and mix thoroughly.

14. Add 500 pl high purity water to each sample. NOTE:
Final volume of the prepared samples is 1.0 ml.

'15. Filter the solutions through a 0.45 p Fluoropore

filter into culture tubes.

16. Analyze a 50- to lO0-pl aliquot of each prepared
muscle/fat sample by HPLC.

b. Calibration: The reference solutions described in Sec-
tion 4.b were prepared and analyzed in quadruplicate. The relative weight
response (RWR) (Eq. 1) of each compound was calculated and the average RWR
utilized to determine the nanograms of each compound in every reference solu-
tion (Eq. 2). The nanograms found were plotted against the nanograms added.
The slope, intercept, and correlation coefficient for each compound were
determined. The data are summarized in Table 1 and include the average value
at each level for each compound, the standard deviation, coefficient of vari-

ation, and percent inaccuracy. The raw data and calculations are given in
Table 8 of the Appendix.

Peak Height Cpd ng/ml IS (Eq. 1)
Peak Height IS x ng/ml Cpd

5
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Sor ng/2 g compound =Peak Height Cpd ng/ml IS (Eq. 2) A
or gcomo Peak Height IS Avg. RWR

c. Muscle/Fat Sample Analysis: The muscle/fat samples pre-
pared as outlined in Section 5.a were injected onto the HIPLC. The peak height
of each compound was measured and recorded. Muscle/fat samples were prepared
and anayzed on four succeeding days.

6. CALCULATION: The level of each compound in the 2.0 g muscle/
fat samples was determined using the relative weight response to an internal .1
standard method. The RWR values (Eq. 1) for the reference solutions analyzed
with a day set of muscle/fat samples were calculated and the average values -.

for RDX, DNT, and TNT determined. These RWR values were employed to calculate .

the level of RDX, DiT, and TNT in the muscle/fat samples (Eq. 2) where the
nanograms per milliliter term represents the level found in the 2.0 g sample.
The nanograms per gram of each compound were determined by dividing the level -i

found by the sample weight. The results for the duplicate determinations -
of RDX, DNT, and TNT in muscle/fat sasples at five different levels on four
succeeding days are summarized in Tables 2, 3, and 4. The average level
found, the standard deviation, coefficient of variation, and percent inac-
curacy are also included. A linear regression evaluation of the results
was made; and the slope, intercept, and correlation coefficient are given -.

in the tables. The level of each compound found in the muscle/fat samples
was plotted against the amount added and these data are shown in Figures 2
through 4. The range presented at each level is two standard deviations ci
the average level found. A graphic presentation of the standard deviation,
coefficient of variation, and percent inaccuracy for the determination of
RDX, DNT, and TNT in muscle/fat samples is given in Figures 5 through 7,
respectively. -epresentative HPLC chromatograms are shown for a muscle/fat ",
sample blank (Figure 8), a 100 ng/2 g (Figure 9), and a 1,000 ng/2 g (Figure
10) each compound muscle/fat sample. The raw data and calcualtions for the
muscle/fat sample determinations are given in Tables 9 through 12 in the

Appendix. .
7. STATISTICAL EVALUATION OF DATA: A statistical evaluation of

the data obtained for the determination of RDX, DNT, and TNT in muscle/fat
samples (Tables 2, 3, and 4) by the Hubaux and Vos detection limit program -

was made at the U.S. Army Toxic and Hazardous Materials Agency. The results
of these evaluations are given in Table 5 for RDX, Table 6 for rNT, and Table.7 
for TNT. The data obtained for the blank muscle/fat samples were not included
in any of the calculations. Detection limits for RDX and DNT as determined
by the program were 62 and 66 ng/g, respectively, when the 1,000 and 500
ng/g data points were omitted. For TNT, the detection licit was 62 ng/g
when the 1,000 ng/g data points were omitted. Removal of the 500 ng/g data
points from the TNT detection limit calculation resulted in a detection limit
below the lowest target concentration, 50 ng/g. The average nanograms per
gram value found at each level for each compound was determined from the j
linear regression for the 40 data points (blank sawples omitted) and the

nanograms per gram added at that level. The standard deviation and percent.
irprecision (coefficient of v3riation) at each level were calculated based
on this average nanograms per gram value found. Thus, these valuen and the

6 I
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values given in Tables 2, 3, and 4 for these terms (based on the average of
the eight assays at each level) are not comparable. The percent inaccuracy
term was calculated from the average of the eight data points at each level,
and thus agreeo closely vith the values in Tables 2, 3, and 4.
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Column: Spherisorb ODS, 5 vi,

-fr+IS± Eluent: 30% acetonitrile in-

1% acetic in water

___ Flow Rate: 1.5 mi/mmn
p4wr - Chart Speed: 0.1 ini./mini

Detector: tlV, 254 n

~-~- Sample Characteristics .

_ i~Concentrations: RDX, DNT, TNT,

and tetryl - 500 ng/ml; .
-Tis - 1,000 ng/mi

Injection volume: 70 iii

- Attenuation: 0.01 X

Retention Indices

JRetention Retention i
Volume Time

Compound (Ml (min)

is 22.515
DT31.5 21

TNT 34.5 23

-D- etry 3926

__ -4-i

7__i

Li

-IJ10 20 mi-

Figure 1 - KPLC Separation of RDX, DNT, TNT, and*Tetryl
SARMS and Propiop1henone (IS)
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a 6
E

*1 1400-

1 0.96 +6.

0 200 400 600 800 1000
Nanogranru/Gram RDX Added

I Figure 2 -Determination of RDX in Muscle/Fat Samples
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1000 1 1

W -

Linear Regression
y =0.781 x +3.7 i

200- Corre lation Coefficient

009

0200 400 600 S00 1000
NanogramVGrom DNT Added

Figure 3 -Determ~n~tion of DNT In Muscle/Fat Smples
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I1000
I
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E 600-
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I
240000 0 10

Linear Re~gression
ym.0.850x +1.8I 200 Corelation Coefficient
0.999

I0
1 0 200 400 600 800 1000

Nanogrms/Gram Added

Figure 4 - Determination of TNT in Muscle/Fat Samples
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Column,-.Spheisorb ODS, 5 v,

250 x 4.6 amIDI Eluent: 28% acetonitrile in
1% acetic acid in water

Flow Rate: 1.5 mi/mmn

Chart Speed: 0.1 in/min
Detector: UiV, 254 umn

I Sample Characteristics:

2.0 g muscle/fat extractedI with 6 ml and then 3 ml
acetonitrile. Acetonitrile

3 concentrated to about 250 ui1
3 and then diluted to 1.0 ml

with IS stock and water.

I IS Concentration: 1,000 mg/mi
Injection Volume: 70 111
Attenuation: 0.01 Xj

.1 xX

1

I DNT TNT

lInj i5 30 45 1,1
10 20 30 nin

IFigure 8 - HPLC Analysis of Blank Muscle/Fat Sample for RDX, DNT, and TNT
Method Development. 'T' indicates eluent change to 100% acetonitrile.
Arr',ws indicate elution position of RDX, DNT, and TNT.
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i ii.... ... ." ... ......... .. ' " " PLC Conditions.

4 " Column: Spherisorb ODS, 5 p,
, . 250 x 4.6 m ID,

SiEluent: 28? acetonitrile in
1% acetic acid in water

Flow Rate: 1.5 ml/mmn
Chart Speed: 0.1 in/min
Detector: rY, 254 nm

Sample Characteristics-

IS 2.0 g muscle/fat containing
* .' 50 ng/g RUZ, DNT, and TNT"v 

extracted vith 6 ml and then

3 ml acetonitrile. Acetonitrile
-"' concentrated to about 250 Pl -

and then diluted to 1.0 ml
with IS stock and water.

IS Concentration: 1,000 ag/ml,.. ... Injection Volume: 70 Ul

Attenuation: 0.01 X
* ii

10 2031-i

i

* x

1*, DN'T

I .-

p .... .1 . .j

mln. ' " 15 " ""30" 45" "l 'U11

10 20 30 nn

Figure 9 - HPLC Analysis of Musle/Fat Sample Containing 50 nglg RDx, DN,-, and TN. .1
"eX" indicates eluent change to 100% acetonitrile.
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HPLC Conditions:

Column: Spherisorb ODS, 5 '1,

250 x 4.6 mm ID

Eluent: 28% acetonitrile inI1% acetic acid in water

RDX Flow Rate: 1.5 ml/mmn

Chart Speed: 0.1 in/mmn
IS Detector: UV, 254 m

1 Sample Characteristics

D 2.0 g muscle/fat containing

500 ng/g RDX, DNT, and TNT

extracted with 6 ml and then

3 ml acetonitrile. Acetonitrile

concentrated to about 250 P1

and then diluted to 1.0 ml

with IS stock and water.TNT wt Ssokadwtr

I IS Concentration: 1,000 ng/mi
Injection Volume: 70 ul

I Attenuation: 0.01 X

!X

I,;21

I17

I 1 i I I
SnjI 30 45 n

10 20. 30 min

I Fiur!0 - HPLC Analysis of Iscle/Fat samle Containing 500 ng/g RDX, DNT, and TNT.

"X" indicates eluent change to 100% acetonitrile.
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I TABLE 8 (concluded)

I Relative Weight Response

Relative

Standard Standard
Average Deviation Deviation

IRDX 0.95 ±0.05 5.2%
DNT 1.07 ±0.05 4.9%
TNT 0.89 ±t 0. 04 5.1%

I2
17



u Inrj

0 n Ooo 0 O%

.M M Le 1 tIenaG

14. a4i

'o00 00'o000 all

00000o0 000000

f-0Ln 0 N %On-

114 I i
I ', .4' W

00000 00000 i

a7 a

28 Ii
180 I



........ ..........

AIW1

Ic
oS.

If0*c en ~ M0. o
0 99 1r 0

-4- (*920.

4 Jr4

L', 'A P0-4 .Go w

41 a a

u-

cc

C; co Co C;

I CIO w
0n 0C"IQt -. 5

09 91 10( 0 r-4

44~ 044 6 1

to 0 4 Q A
60 0

010 00000 a .* a * uAd

Fl 0. 4 Na 4 v
CO 00 0 00 d w 0 ol 04

V I to j 0 4 go~ A0 ,

roV C3 If $4

1006 . U 5A =5.do
"4..4 V.5.51 4 0

0,. 0) O1 "0 w)
444 1 4.5.

N m a fi 1

060 45 to56 4 to
4j. Shi .4.

29V
181



-4 0t 00- l0

11 cg0o L aN 2 Tcor 0fO 0%0

ks.60 I t;14T00 1-ue cn o
414 U) 0 ~ (C0

4J

4 00 00 0 00000s 7Aa Q A
N~ ItC 000 0 00 00 m

Ca 'T0 --- 4- LM- 4-4 LM

CO C4 C4 VN(nc N0 I

I-4 Z 14. 1 - 1

0 ~ g E '-O -0 'O.*(>

00000000000 i

eq a do 0 cN N N'N ii

%.. % a- 0 N 0 4 t
A n N' 4N

a 0 000

Nb 0C4 4 0 en.7.4

P-4 ci -2 N N ii e

zU U U U U U

41I
-30

18 I

eq N N. C: 0404 0 e NNC1



414

P4 41

1is 00 *

en 1 0 0) 41 4

$4 r4V 414 )

41 00000 be &'

c 0.000 J.6c"o -4 @0V-
764 CA 4 V

00 0 4d

04 40 I4x

Go ,.444 934 a- 4)

C; a;cc

44 0 be

00 0 0 00C3~Uv0

00- - 0 r

411 
A Oil

00000~

44000 t 0 vC

a0 1.0 14 441 WO
0 0ue.*.4 .4 4

414 410 o

41 2t N e 1 .41

*00to 4) do t

loo 0 10

q4 41 §404 441, 
41C

0 0 414131

* -4 ~ C4 04~'~ 1834

0'4 ~ ~ 44 ~ON



/p0 C
1/0r n e F 4%

" t~ 0 OON ON ('N
'

3 
' tN n -4 C4

~~~ inON-

644

f-4L N '
.. q C4 47 %

41 44.4 4 N N C4 m

-4 00 0 000000o

OuA ~ oq '4 C

N0 V nN Q

to N . N

N en C Y%

aa

Nl - 4

In0 0 0

0000N inO ocI

32
184 1



.1 rI-- 4) 44

.0 0A4

01-4 00 0 0j 1

W0 I . 0 4

.-04 14 ,

1-4 00000 0%

.0 17 4) Li.

OA 4

N, eq. c 0
481 0-4 u4

0, A.

0.44 u. 00 004

4,.'4jE. 4,

o .0 93

Ne 4 C w , 14
0C'M I 4N ).0 48

A C2 0Un
0-* 48 c

u. 0 0

C: "0~ .4 00 1 U=
0 Q ~.4

000. 0) 10

O 0 a0 41

0 000 Q

I0 '4 .04 44
a a. 0 1 EU a0i

0 V* -lU" V vt
-AO 00 0 a~ 0 4 A AO

A0 AO O I0 In 41 4A 00
0.~~ ~ 0-?'- D. , .

-j N *1a *0 m .04I~0 4 46 to00 EU a0 u
48 4 , a '4

#00 08 CIO88
41 *.l b-4 0

41 48-4 *044 4

0 4,433

CO 4, ~ ~ 4,~18 3 44



00 %0 N 0

~~oo 1V, 0 0 0

00000 0100%0c 0

to na 00o' 0 00

.tm 4 C'4 Vn LM I oC%

9--4

in 00

-c d-7-' Le, -4ej =
enc v4 "C

m 4:1 v cq ' C4 v " N %r 4

WI, 4 ii C

Nhi 000 N0m 0000001 r

00 00

00000 00000
0000 cocoa4NA Bugl I C* ee i

.0Mo to Pogo~

186 .-



Q)~ 00000w0 0 c

00

to .0.T '

0 4 10 ?-

cw~ ~ ~ - U-- q-4U1

4)~a rs N41'
~~4C 00%O~

00 00 0 U 0

94 0
411

00.v

00 >4
0~t :o 4) .

.0 0 C 4 % C O' Lm U v "~

14 Vz -f4

in0 *0 .U 0E

0) w0 0:
04) -0 00 0 4 0 0I

0 0J a40 0 0 0 cc

Uv $.410 U4 lu C
.0 00 0 0. cc

1. PC 4) 4) t 6 = c

to00

0~ Uo

U j 0 0

Nf 0 0) C d0

14 LF C L - ' 0041 u 0/ (U

00
41 41 04

00

V 1 4 44104

1.00. 00 to4

411 U1 0
VS U) cn 0 4)..W

U35 U..4

1807I V1



I
I
I
I

APPENDIX EI
I
I
I

IDENTIFICATION OR DEVELOPMENT OF CHEMICAL ANALYSIS METHODS
I FOR PLANTS AND ANIMAL TISSUE

METHOD REPORT NO. 4

I METHOD DEVELOPMENT FOP TfE DETERMII.:TION OF
CYCLOTRIMETHYLENETRINITRANINE (RDX), DINITROTOLTENE (DNT),

* AND TRINITROTOLUENE (TNT) IN ANIMAL LIVER SAMPLES

October 1980

Contract No. DAAKIl-79-C-0110
3 KRI Project No. 4849-A

II
3 For

U.S. Army Toxic and Hazardous Materials Agency
Dr. L. Eng, DRXTH-TE-A, Project Officer

Aberdeen Proving Ground (EA), Maryland 21010

I
I189 [I __ ____ ___ ____ ___



The views, opinions, and/or findings contained in this 
report are i

those of the authors and should not be construed as 
an official

Department of the Army position, policy, or decision, 
unless so

designated by other documentation.

1901
7-i



UNCLASSIFIED
4WOURITY CLASIFICATION Of THIS PAGE (Vo Da tew ___________.0____

READ I~TUCTICKSREPORT DOCUENTATICN PAGE -ZCQ COMPLSTr'1 PC -
. IMTNUMBE GOVT ACCESSION No. S. RIECIPIENT'S CATALOG NUbIS&M

Technical Report No. 4

14. TITLE (4maSW~IWU&) Method Development for the I. TV P9OF REPORT A PERIOD COVERED

Determination of Cyclotrimethylenetrinitramine Method Report
(RDX), Dinitrotoluene (DNT), and Trinitrotoluene _August 1979 to December 1980

(TNT inAniml Lver ampesS. PEFRMING ORG. REPORT NUN SER

(TN) i Anma Lier ampesMR' at "Wt No 4849-A
7AUT"O$Vb) S.CONTRAC OROR1ATNumUw-W

D. B. Lakings and 0. Gain DA11-79-C-0110

II. PERFORING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMCNT. PROJECT, TASKC

Midwest Research Institute ARA & WORK UNIT NUMBERS

425 Volker Boulevard October 1980
Kansas City, MO 64110
11. CONTROOLLING OFFICE NAME AND ADDRESS IL. REPORT DATE

U.S. Army Armament Research and Development October 1980
Comand, Aberdeen Proving Griund (Edgewood IL NMUVER OF PAGES

Area), MD 21010 44
14. MONITORING AGENCY NAME & AOORESS(If diftcI r hm Cafolt,41n4 Offlo.) IS. SECURITY CLASS. (of Odle ,.pon)

Unclassified

I"a O4CLAS1SIPICATION/OOUNGRIA0ING

WDISTRIBUTION STATEMENT (of this Repoel)

Unlimited

III. SUPPLEMENTARY NOTES

IS. KEY WORDS (Confl.v an reverse eld I e.essary and identlhly by block nibor)

Cyclotrimethylenetrinitramine (RDX) High Performance Liquid Chromatography

Dinitrotoluene (DNT)
Trinitrotoluene (TNT)
Liver Level Determination

20. ASTRACT (Coclifme. do roore oio it no..mvw amd Ididf'y Wek hr

A high performance liquid chromatographic (HPLC) method for the quantita-
tive determination of cyclotrimethylenetrinitramine (RDX), dinitrotol'uene (DNT)
and trinitrotoluene (TNT) in animal liver samples has been developed. The ana-
lytical system consists of an isoc-ratic HPLC unit with a Spherisorb ODS, 5 P,
250 x 4.6 - ID column, an eluent of 30% acetonitrile in 1% acetic acid in
water, and a flow rate of 1.5 m1/rain. The compounds, including the internal
standard (IS), propiophenone, have the following retention characteristics:

WO IM~P17 EDITION OF I NOV "I 19OLETE UNCL.ASSIFIED

SECURITY CLAWSIICATIOW OP rTS PAGE gus., Doe. Entered)

____________________________191__ *



UNCLASSIFIED
WsCUmTY CL APIFIPCA'TIOM OF THwIS PA!(%< DWO te D,*-w
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RDX, 15 ml, 10 min; IS - 28.5 ml, 19 min; DNT -37.5 ml, 25 min; and TNT -

39 ml, 26 min (slight changes in the retention indices occurs with a fresh
eluent or a change of columns) and are detected at 254 nm. Reference solu-
tions of the munition compounds from 100 to 2,00 ng/ml gave a linear response
and an HPLC peak was detected and quantifiable when 3 ng of analyte were in- -;

jected on column. The animal liver samples were prepared by first homogeniz-
ing the matrix to obtain a uniform sample. Then, a 1.0-g liver sample was
weighed, mixed with 1.0 ml 10% sodium chloride containing 1% acetic acid,
and extracted with 3 x 4 ml toluene. The toluene extract(s) were combined
and evaporated to dryness at room temperature under a stream of nitrogen.
The residue %.as dissolved in 500 pl acetonitrile containing the IS (1,000
v/m!) and the final volume adjusted to 1.0 ml with high purity water. After -.

filtering the prepared sample through a 0.45 p Fluoropore filter, an aliquot
was analyzed by HPLC. The analytical method was evaluated by preparing and
analyzing duplicate liver samples containing 0, 50, 100, 200, 500 and 1,000 .

ng/g of each munition compound on four separate days. Linear regression of
the data gave the following equations and correlation coefficients: RDX, y
- 0.904x + 107, 0.988; DNT, y = 0.640x - 1.9, 0.995; and TNT, y = 0.521x -

6.2, 0.989, respectively. The average coffficient of variation and average
percent inaccuracy for RDX, DNT, and TNT in liver samples were 16% + 74;
11% - 36; and 15% - 51, respectively. A liver component(s) had the same
retention indices as RDX and interfered with the quantification of RDX.
This HPLC peak(s) represented an average of 113 ng/g RDX in the eight blank -
liver samples analyzed. No interference was observed at the elution posi-
tions of DNT and TNT. A statistical evaluation of the data by the Hubaux
and Vox detection limits program gave detection limits of 58 ng/g for RDX,
50 ng/g for DNT, and 50 ng/g for TNT for the HPLC determination of these
compounds in animal liver samples. However, the 58 ng/g detection limit for
RDX is unrealistic because the blank liver samples contained a component at
the RDX elution position which represented 113 ± 18 ng/g RDX. Thus, a more .1
representative detection limit for RDX in the liver matrix is 150 ng/g.
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Analytical Chemistry Department

Kansas City, Missouri 64110

Ifor
U.S. Army Armament Research and Development Command

Aberjeen Proving Ground (Edgewood Area)
Maryland 21010

I Contract No. DAAKII-79-C-O110

Identification or Development of Chemical Analysis Methods
I for Plant and Animal Tissues

METHOD DEVELOPMENT FOR THE DETERMINATION OF
CYCLOTRIMETHYLENETRINITRAMINE (RDX), DINITOTOLUENE (DNT),

AND TRINITROTOLUENE (TNT) IN ANIMAL LIVER SAMPLES

1. APPLICATION: The developed method is for the quantitative
determination of RDX, DNT, and TNT in animal liver samples using high per-
formance liquid chromatography (HPLC) with ultraviolet (UV) detection at
254 nm.

a. Evaluated Concentration Range: The concentration range
of RDX, DNT, and TNT studied in reference solutions and in liver samples
was 50 to 1,000 ng/g (parts per billion, ppb).

b. Sensitivity: A signal-to-noise ratio of 6 to I for RDX
(peak height (PH), 25 mm), 9 to I for DNT (PH, 40 n), and 8 to I for TNT
(PH, 30 mm) was obtained with an injection of 50 p1 of a 100 ng/ml solution
of each compound (ca. 5 ng each compound on column).

I c. Detection Limits: 58 ng/g RDX, 50 ng/g DNT, and 50 ng/g
TNT using the Hubaux and Vos detection limit program. However, the blank
liver samples had a component which co-eluted with RDX. For the eight blank
liver samples analyzed, this component represented an average RDX concentra-
tion of 113 ng/g with a standard deviation of ± 18 ng/g. Thus, a more repre-
sentative detection limit for RDX in the liver matrix is 150 ng/g (the average
blank value plus two standard deviations).

d. Interferences: No interfering liver components were found
to elute with the same retention volume as DNT or TNT. A peak eluted with
RDX and interfered with the quantification of RDX at low levels. This peak
corresponded to greater than 100 ng/g RDX.

e. Analysis Rate: The chromatographic time per injection
was 40 min. Two reference solutions were analyzed prior to injecting the
prepared samples, and two were analyzed during the day (160 min total time).
Thus, a total of eight prepared liver samples (320 min total time) can be
analyzed during an 8-hr day.

I
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2. CHEMISTRY: RDX (CAS Reg. No. 121-82-4), DNT (CAS Reg. No.
121-14-2), and TNT (CAS Reg. No. 118-96-7) are of intermediate polarity and

have limited water solubility. They have good solubility in polar (methanol, -
acetonitrile) and intermediate polarity (toluene, ethyl acetate) organic
solvents. The UV spectrum of these munitions indicztes that each has a
sufficient UV chromophore at 254 nm to allow UV detection and quantitation.

3. APPARATUS:

a. Instrumentation: A Waters isocratic liquid chromato- -

graphic system consisting of a Model 6000A pump, Model U6K injector, and
Model 440 UV detector. A general purl se centrifuge (Dynac, Clay Adams
0101) with a 24-place head.

*2

b. HPLC Parameters:

1. Column: Spherisorb ODS, 5 p, 250 x 4.6 mm ID. .1

2. Eluent: 28% acetonitrile in 1% acetic acid in water. -*

3. Flow rate: 1.5 ml/min.

4. Detector: DV, 254 nm.

5. Internal standard: propiophenone, 500 ng/ml.

6. Injection volume: 50 to 100 pl.

7. Retention volumes and times: RDX, 15 ml, 10 min; -

DNT, 37.5 ml, 25 min; TNT, 42 ml, 28 rmin; IS,
28.5 ml, 19 min. NOTE: Slight changes in the
retention indices may occur with fresh eluent or
a change in columns.

A representative HPLC chromatogram for RDX, DNT, and TNT is
shown in Figure 1. Also included on the chromatogram are peaks for an in- -

ternal standard (propiophenone) and 2,4,5-trinitrophenylmethylnitramine
(tetryl) (CAS Reg. No. 479-45-8).

c. Laborato-y Glassware and Equipment:

1. Culture tubes (Pyrex) with Teflon-lined screw caps.

2. Volumetric flasks (100 ml).

3. Volumetric syringes (0-100 p1, 0-500 pl, and 0-

1,000 pl).

4. Autom.tic pipetter (0-5 ml).

5. Six-speed Waring-type blender with glass container.

2
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6. Teflon-glass, motor-driven tissue homogenizer.

7. Filtering apparatus including filter holders, 5-ml
disposable syringes, and 0.45 p Fluoropore filters.

8. Inert gas (nitrogen) drying train with 12 ports.

d. Chemicals:

1. Toluene anh acetonitrile, "Distilled in Glass" grade.

2. Acetic acid and sodium chloride, ACS grade.

3. High purity water from a Milli-Q water purification
system.

4. RDX, DFT, and TNT SARls, obtained from the U.S. Army

Toxic and Hazardous Materials Agency.

5. Propiophenone (internal standard), analytical grade.

14. STANDARDS:

a. Stock: Weigh approximately 20 mg of TNT, DNT, RDX and
tetryl SARM or interim SARM into separate 100-ml volumetric flasks. Dissolve
each compound in acetonitrile and dilute to volume. The concentration of
each compound is 200 pg/ml.. Quantitatively pipette 20 ml from each stsck
above into a 100-ml volumetric flask and dilute to volume with distilled
water. Concentration of each compound is 40 pg/ml.

b. Working: Pipette 10 ml of the 40 pg/ml of each compound
stock into a 100-ml volumetric flask and dilute to volume with high purity
water. Concentration of each compound is 4 pg/ml; this working stock was
employed in the precision and accuracy evaluations of reference solutions.
Another working stock of 2 pg/ml was prepared by diluting 5 ml of the 40
pg/ml each comound to 100 ml; this stock was utilized for adding the RDX,
DNT, TNT, and tetrl to the liver samples.

Reference solutions were prepared from this stock as follows:

I Concentration
pl Working pl IS pl 10% Acetonitrile Each Compound

Stock Stock* in Water (ng/ml)

S50 500 0 2,000
375 500 125 1,500
250 500 250 1,000
125 500 375 500
25 500 475 100g 0 500 500 0

Preparation of IS stock given in "c" below.

1 3
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c. Internal Standard Stock: Weigh 10 mg propiophenone into
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 100 pg/m]). Quantitatively pipette 10 ml of the 100 pg/ml stock into
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 10 pg/ml). A final working solution of 2.0 pg/ml is prepared by pipet-
ting 20 ml of the 10 pg/ml stock into a 100'ml volumetric flask and diluting
to volume with acetonitrile.

5. PROCEDURES FOR LIVER SAMPLE DETERMINATION:

a. Liver Sample Preparation: The procedure employed to
prepare liver samples for the HPLC-UV determination of RDX, DNT, and TNT
consisted of:

1. Place approximately 50 g of liver into a Waring-type
blender and blend for I min on speed six (liquefy). Note: To completely
liquefy the liver sample, the sides of the glass container are scraped with
a spatula.

2. Transfer approximately 10 g of the liquefied liver
sample to a motor-driven Teflon-glass homogenizer. -

3. Homogenize the sample for 30 sec to disrupt the
cell walls of the liver sample. Note: The homogenization step is neces-

sary to solubilize the intercellular compounds prior to the extraction step.

4. Repeat steps 3 and 4 on the remaining liquefied
liver samples and combine the homogenized samples.

5. Accurately weigh twelve 1.0 g homogenized liver
aliquots into culture tubes with Teflon-lined screw caps.

6. Spike two each of the homogenized liver aliquots
with the working stock (2 pg/ml each RDX, DNT, and TNT) at the following 2
levels: 1,000 ng (500 pl); 500 ng (250 p1); 200 ng (100 pl); 100 ng (50
pl); and 50 ng (25 pl). The remaining two liver aliquots serve as liver
sample blanks. All samples are adjusted to a total volume of 1.5 ml with
high purity water containing 10% acetonitrile.

7. Add 1.0 ml of a 10% sodium chloride solution con-
taining 1% acetic acid to each aliquot. i

8. Mix thoroughly on a vortex mixer.

9. Extract the liver samples with 4 ml toluene
("Distilled in Glass" grade) by vortexing for at least 2 min. Note: To
obtain optimal extraction, the toluene and aqueous liver phase must be

thoroughly mixed; if separation of the passes occurs after the 2-min vor-
texing, mixing has not been complete and additional vortexing is necessary.
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10. Centrifuge the extraction mixture at 1,000 rpm for
20 min to break the emulsion. Note: If 20-min centrifugation does not pro-

duce two distinct layers, continue centrifuging for an additional 20 min or

until two layers form.

11. Transfer the toluene extracts to properly labeled

I culture tubes with Teflon-lined screw caps.

12. Repeat the toluene extraction (steps 9, 10, and
11) twice more, combining the toluene extracts in the appropriate tubes.

13. Evaporate the toluene at room temperature under a
stream of nitrogen. NOTE: Do not heat the samples during the evaporation

step, or loss of RDX, DNT, and TNT may occur. Continue evaporation until

toluene has been completely removed from the culture tube.

14. Add about 1.0 ml ethyl acetate to each liver sample

residue and vortex mix for 30 sec.

15. Evaporate the ethyl acetate at room temperature

under a stream of nitrogen. NOTE: The ethyl acetate aids in removing the

last traces of toluene from the liver samples.

16. Dissolve the residues in 250 pl acetonitrile and

six thoroughly by v~rtexing and ultrasonication. Note: The residue must

be completely suspended in the acetonitrile or the analytes will not solui-

I bilize. Ultrasonication aids in this process by breaking the residue into

smaller particulates.

17. Add 250 pl of the 2 pg/ml IS stock (500 ng) to each

extracted liver sample and mix thoroughly by vortexing and ultrasonication.

18. Add 500 pl high-purity water to each extracted liver
Isample and mix thoroughly. NOTE: Final volume of the prepared samples is

1.0 ml.

19. Filter the solutions through 0.45-p Fluoropore
filters into culture tubes. Note: If the filtrate is not clear, refilter
through another 0.45-p filter. The filtration step is necessary to remove
particulate material from the sample and thus prolong the usefulness of the3 analytical column.

20. Analyze a 50- to 100-pl aliquot of each prepared

I liver sample by HPLC.

21. After the elution of the TNT peak, wash the column
for 3 min with 100% acetonitrile at 1.5 ml/min to remove any late eluting

compounds. NOTE: The acetonitrile wash step is required to prevent possible

interference in the chromatographic analysis of the n-xt sample.

22. After the 3-min wash, switch the system back to

the eluent. Allow approximately 7 min for equilibration prior to the next
injection.
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b. Calibration: The reference solutions described in Sec-
tion 4.b were prepared and analyzed in quadruplicate. The relative weight
response (RWdR) (Eq. 1) of each compound was calculated and the average RWR I
utilized to determine the concentration (ng/ml) of each compound in every
reference solution (Eq. 2). The concentrations found were plotted against
the concentrations added, and a linear regression evaluation of the data
was conducted. The slope, intercept, and correlation coefficient for each ,
compound were determined. The data are summarized in Table 1, which includes
the average value at each level for each compound, the standard deviation,
coefficient of variation (relative standard deviation), and the percent in-
accuracy. The raw data and calculations are given in Table 8 of the Appendix.

RWR = Peak Height Cpd ng/ml IS (Eq. 1)
Peak Height IS - ng/ml Cpd

.i
ng/ml or ng/g compound = Peak Height Cpd ng/ml IS (Eq. 2)

Peak Height IS x Avg. RWR

c. Liver Sample Analysis: The liver samples prepared as
outlined in Section 5.a were injected onto the HPLC system. The peak height
of each compound was measured and recorded. Liver samples were prepared
and analyzed on four separate days.

6. CALCULATION: The concentration (nanograms per gram) of each
compound in the liver samples was determined using the relative weight re-
sponse to an internal standard method. The RWR values (Eq. 1) for the refer- -.

ence solutions analyzed with a day's set of liver samples were calculated,
and the average values for RDX, DNT, and TNT were determined. These RWR
values were employed to calculate the liver sample level of each compound
by Equation 2, where nanograms per gram represents the concentration found
in the liver sample. The results for the duplicate determinations of RDX,
DNT, and TNT in liver samples at five different levels on four succeeding
days are summarized in Tables 2, 3, and 4. Tho! average concentration found,
the standard deviation, coefficient of variation, and percent inaccuracy .1
are also included. A linear regression evaluation of the results was made;
the slope, intercept, and correlation coefficient are given in the tables.
The concentration of each compound found in the liver samples was plotted i
against the amount added, and these data are shown in Figures 2, 3, and 4.
A graphic presentation of the standard deviation, coefficient of variation,
and percent inaccuracy for the determination of RDX, DNT, and TNT in the
liver samples is given in Figures 5, 6, and 7, respectively. Representative ii
HPLC chromtograms are shown for a liver sample blank (Figure 8), a 100 ng/g
liver sample (Figure 9), and a 500 ng/g liver sample (Figure 10). The raw
data and calculations for the liver sample determinations are given in Tables .i
9 to 12 in the Appendix.

7. STATISTICAL EVALUATION OF DATA: A statistical evaluation of
the data obtained for the determination of RDX, DNT, and TNT in liver samples
(Tables 2, 3, and 4) by the Hubaux and Vos detection limit program was made
at the U.S. Army Toxic and Hazardous Materials Agency. The results of these U

6
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evaluations are given in Table 5 for RDX, Table 6 for DNT, and Table I for
TNT. The detection limits, as determined by the program, were 58 ng/g for
RDX when the 1,000- and 500-ng/g data points were omitted, 50 ng/g for DNT
using all the data points, and 50 ng/g for TNT when the 1,000-ng/g data
points were omitted. The average nanograms per gram value found at each
fortification level was determined from the l.Viear regression equation for
the 48 data points and the amount of analyte added at that level. The
standard deviation and percent imprecision (coefficient of variation) at
each level were calculated based on this average (nanograms per gram) value
found. Thus, these values and the values given in Tables 2, 3, and 4 (based
on the average of the eight assays at each level) are not comparable. The
percent inaccuracy term was calculated from the average of the eight data
points at each level, and thus agrees with the values in Tables 2, 3, and

I.
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44-, HPLC Conditions

-T Column: Spherisorb ODS, 5 pi,

___ ~250 x 4.6 mmID
12 Is Eluent: 30% acetonitrile in

- -~-41% acetic in water

- I Flow Rate: 1.5 mi/mii
w ~i IChart Speed: 0.1 in./min

I Detector: UV, 254 nm -

H _ _ Sample Characteristics TT

Concenrtetion ReITe NTo

Compu nd trl 50 mm) 

IS 22. 1500 -g/

DN. 31521

104010
-7 iue1t PCSpaaino Rtetio d icesT ndTtrli

SAPReenio aRderoiention IS

-4 is2.51
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Figure 2 -Determination of RDX in Animal Liver Samples
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I HPLC Conditions:

Column: Spherisorb ODS, 5 P,
' 250 x 4.6 -,m ID

is Eluent: 28% acetonitrile in
12 acetic acid

flow Rate: 1.5 mi/mmn
Chart Speed: 0.1 in/min

Detector: UV, 254 rn

I Sample Characteristics:

1.0 X liver extracted 3 x 4 ml
vith toluene. Extract evaporated to

i dryness and residue reconstituted
with 1.0 al HPLC eluent.

II IS Concentfation: 500 ng/ml
Injection Volume: 70 a1

, eAttenuation: 0.005 X

a DNI , .

I I , iI I

InJ is 30 45 lal

10 20 30 ain

Figure 8 - HPLC Analysis of Blank Liver Samples for RDX, DNT, and TNT
Method Development. "X" indicates a toluene contaminant.
Arrows indicate the elution position of RDX, DNT, and TNT.
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SHPLC Conditions: !!

Column: Spherisorb ODS, 5 v,
Is, 250x 4.6 m ID

*Eluent: 28% acetonitrile in

12 acetic acid
Flow Rate: 1.5 ml/min
Chart Speed: 0.1 in/min
Detector: UV, 254n

... . . : Sample Characteristics:

- . j1.0 g liver containing 100 ng/g
.1 - RDX, DNT, and TNT extracted 3 x 4 ml

with toluene. Extract evaporated to

A dryness and residue reconstituted in
1.0 ml HPLC eluent.

IS Concentration: 500 ng/ml
f Injection Volume: 70 l1

Attenuation: 0.005 X I

RDX

DNT

Inj 15 30 45 ml

10 20 30 min

Figure 9 - HPLC Analysis of Animal Liver Sample Containing 100 ng/g RDX,
DNT, and TNT. "X" indicates toluene -contaminants. Arrows show 1
HPLC peaks for RDX (and co-eluting compound), DNT, and TNT.
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*' .

I I UPLC Conditions:

is Column: Spherisorh ODS, 5 ±I 250 x 4.6 w ID

' I Eluent: 282 acetonitrile in

11 acetic acid1iFlow Rate: 1.5 al/min

SChart Speed: 0.1 in/minI Detector: UV, 254 am

* Ij Din Sample Characteristics:
11R.DX

1.0 g liver containing 500 ng/g

RDX DTand TNT etatd 3 x 4 al
with toluene. Extract evaporated to
dryness and residue reconstituted

with 1.0 al HPLC eluent.

IS Concentration: 500 ng/ml

SInjectionVolume: 70 U1

"T.

Ill,

I
Ii I I I I I

InJ. 15 30 45 al

10 20 30 min

Figure 10 - UPLC Analysis of Animal Liver Sample Containing 500 ng/g RDX, DNT,
and TNT. "' indicates toluene contaminant. Arrows show EPLC peaks for
RDX (and co-eluting compound), DNT, and TNT.
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I APPENDIX

METHOD DEVELOPMENT FOR THE DETERMINATION
OF RDX, DNT, AND TNT IN LIVER SAMPLES

I RAW DATA AND CALCULATIONS
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I TABLE 8 (concluded)

3 Relative Weighxt Response

Relative
Standard Standard

Average Deviation Deviation

ID 0.95 ±t 0.05 5.2%
DNT 1.07 1 0.05 4.9%

TNT 0.89 t 0. 04 5.1%
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I APPENDIX F

IDENTIFICATION OR DEVELOPM ENT OF CHEMICAL ANALYSISjMETHODS FOR PLANTS AND ANIMAL TISSUES

METHOD REPORT NO. 5

METHOD DEVELOPMENT FOR THE DETERMINATION OF PENTAERY'IHRITOL
TETRANITRATE (PETN) IN PLASMA

1 October 1980

m Contract No. DAAK11-79-C-0110I HRI Project No. 4849-A

I For

U 3. Army Toxic ad Hazardous Materials Agency
Dr. L. Eng, DRXTH-TE-A, Project OfficerI Aberdeen Proving Ground (EA), lID 21010

1233 la
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The views, opinions, and/or findings contained in this report are
those of the authors and should not be construed as an official Department
of the Army position, policy, or decision, unless so designated by other !]
documentation. -
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residue was dissolved in 500 pl acetonitrile containing 500 ng IS and the fi- I
nal volume adjusted to 1.0 ml with high purity water. After filtering the
prepared sample through a 0.45 p Fluoropore filter, a 100-p1 aliquot was as-
sayed by HPLC-UV (215 to). The analytical method was evaluated by preparing
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tion. A statistical evaluation of the data by the Hubaux and Vos detection
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I
Midwest Research Institute

Analytical Chemistry Department
Kansas City, Missouri 64110

I for
U.S. Army Armament Research and Development Command

Aberdeen Proving Ground (Edgewood Area)
Maryland 21010

I Contract No. DAAKIl-79-C-0110

Identification or Development of Chemical Analysis Methods
I for Plant and Animal Tissues

METHOD DEVELOPMENT FOR THE DETERMINATION OF PENTAERYTHRITOL
TETRANITRATE (PETN) IN PLASMA

* 1. APPLICATION: The developed method is for the quantitative
determination of PETN in animal plasma samples using high performance liquid
chromatography (HPLC) with ultraviolet (UV) detection at 215 nm.

a. Evaluated Concentration Range: The concentration range
of PETN studied in plasma samples and reference solutions corresponded to
50 to 1,000 ng/ml (parts per billion, ppb).

b. Sensitivity: A signal-to-noise ratio of 3 to I for PETN
was obtained with an injection of 100 pl of a 50 ng/ml reference solution
(ca. 5 ng PETN on column). The 100-pl injection of a 50 ng/ml PETN solu-
tion gave a PETN peak height of 6 m.

c. Detection Limits: The detection limit for PETN in plasma
was determined to be 50 ng/ml using the Hubaux and Vos detection limit program.

d. Interferences: No interfering plasma components were3 found to elute with the same retention volumes as PETN or the IS.

e. Analysis Rate: The chromatographic time per injection
was 35 min. Two reference solutions were analyzed prior to injecting the
prepared samples and two were analyzed during the day (140 min total time).
Thus, a total of nine prepared plasma samples (315 min) can be analyzed
during an 8-hr day.

2. CHEMISTRY: PETN (CAS. Reg. No. 4792-15-8) has limited solu-
bility in water and polar organic solvents; however, it has good solubility
in intermediate polarity (acetone, benzene) and nonpolar (hexane) solvents.
The UV spectrum of PETN shows an absorption maximum at 215 nm with little
absorbance at 254 nm.
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3. APPARATUS:

a. Instrumentation: The i2ocrati.: HFLC instrument utilized -1
during this study consisted of a Waters Model 6000A pump, Waters Model U6K
injector, and a Varian Model Vista UV-50 variable wavelength detiector. Dur-
ing extraction, samples were centrifuged in a general purpose centrifuge
(Dynac, Clay Adams 0101) with a 24-place head.

b. HPLC Parameters:

1. Column: Spherisorb ODS, 5 p, 250 x 4.6 mm ID.

2. Eluent: 40% acetonitrile in high purity water.
Note: The eluent must be helium degassed since
oxygen interferes at 215 nm; also, the use of
acetic acid or other modifiers is not recommended
since they absorb at 215 a.

3. Flow rate: 1.5 .1/sin.

4. Detector: UV, 215 nm.

5. Internal standard: Valerophenone, 500 ng/ml.

6. Injection volume: 100 pl.

7. Retention volumes and times: PETN, 42 ml and 28
min;

IS, 34.5 ml and 23 min. Note: Slight changes in -]

the retention indices say occur with fresh eluent
or a change in columns.

A representative HPLC-UV (215 nm) chromatogram for PETN and -1
the IS is shown in Figure 1.

c. Laboratory Glassware and Equipment:

1. Culture tubes (Pyrex) with Teflon-lined screw caps.

2. Volumetric flasks (100 ml).

3. Volumetric syringes (0-100 pl, 0-500 pl, and
0-1,000 pl).

4. Automatic pipetter (0-5 ml).

5. Filtering apparatus including filter holder, 5-ml ii
disposable syringes, and 0.45 p Fluoropore filters.

6. Inert gas (nitrogen) drying train with 12 ports.

7. Inert sas (helium) degassing train.

2
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d. Chemicals:

1. Acetonitrile and hexane, "Distilled in Glass" grade.
Note: Organic solvents of lesser grade should not
be used; they may have trace contaminants which
will interfere with PETN determination.

3 2. Acetic acid and sodium chloride, ACS grade.

3. High purity water from a Milli-Q water purification
system. Note: Water of lesser quality may contain
trace organic impurities which may interfere with
PETH determination.

34. PETN SARM, obtained from the U.S. Army Toxic and

Hazardous Materials Agency.

35. Valerophenone (internal standard), analytical grade.

4. STANDARDS:

Ia. Stock: Weigh approximately 20 mg PETN SARM or interim
SARM into a 100-ml volumetric flask and record weight. Dissolve the PETN
in acetonitrile and dilute to volume (concentration of PETN is 200 pg/ml).
Quantitatively pipette 20 ml of the 200 pg/ml stock into a 100-ml volumetric
flask and dilute to volume with high purity water (concentration of PETN is40 pJg/ml).
4 b. Working: Pipette 10 ml of the 40 pg/ml stock into a
100-ml volumetric flask and dilute to volume with 10% acetonitrile in high

I purity water. The concentration of PETN is 4 pg/ml.

Reference solutions of PETN were prepared from this stock as5 follows:

Concentration
pl Working p1 IS pl 10% Acetonitrile PETN

Stock Stock* in Water (ng/ml)

500 500 1,000 1,000
250" 500 1,250 500
100 500 1,400 200
50 500 1,450 100
25 500 1,475 50
0 500 1,500 0

I * Preparation of IS stock given in "c" below.

*3
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c. Internal Standard Stock: Weigh 10 lg valerophenone into
a 100-al volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 100 pg/ml). Quantitatively pipette 10 ml of the 100 pg/ml stock into -1
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 10 pg/ml). A final working IS solution of 1,000 ng/ml is prepared by
pipetting 10 .1 of the 10 pg/ml stock into a 100-ml volumetric flask and
diluting to volume with acetonitrile.

5. PROCEDURE FOR PLASMA SAMPLE DETERMINATIONS:

a. Plasma Sample Preparation: The procedure employed to
prepare plasma samples for the HPLC-UV (215 am) determination of PETN con- -

sisted of: .1
1. Quantitatively pipette twelve (12) 2.0 ml plasma

aliquots into culture tubes with Teflon-lined
screw caps.

2. Spike two each of the plasma aliquots with the PETN -.

working stock (4 pg/ml) at the following levels:
2,000 ng (500 pl), 1,000 ng (250 p1), 400 ng (100 pl),
200 ng (50 p1), and 100 ng (25 pl). The remaining
two plasma aliquots serve as plasma sample blanks.
Adjust all samples to a final volume of 2.5 ml with
high purity water containing 10% acetonitrile.

3. Add 2 ml of a 20% sodium chloride solution containing.1
1% acetic acid to each aliquot.

4. Mix thoroughly on a vortex mixer.
.1

5. Extract the plasma namples with 5 ml hexane
("Distilled in Glass" grade) by hand mixing abouL
15 times. Note: Extensive mixing or vortexing
may result in an emulsion which is difficult to
break. "1

6. Centrifuge the samples at 1,000 rpm for 20 ain.

7. Transfer the hexane extiacts to properly labeled
culture tube with Teflon-lined screw caps.

8. Repeat the hexane extraction (steps 5 and 6) twice
more, combining the hexane extracts in the appro-
priate tubes.

9. Evaporate the hexane at room temperature under a
stream of nitrogen. Note: Do not heat the extracts
during the evaporation step or loss of PETN may
occur. Continue evaporation until the hexane has
been completely removed from the culture tube.

4
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10. Dissolve the residue in 500 pl acetonitrile contain-
ing 500 ng IS (IS working stock solution) and mixthoroughly by vortexing.

1 11. Add 500 pl high purity water to each extracted plasma
sample and mix thoroughly. Note: Final volume of

I the prepared samples is 1.0 ml.

12. Filter the prepared samples through 0.45 p Fluoropore
filters into culture tubes. Note: The filtration
step removes undissolved particulate matter from
the samples and thus prolongs the life of the HPLC
analytical column.

I 13. Analyze a 100-pl aliquot of each prepared plasma
sample by HPLC.

1 14. After the elution of the PETN, inject 200 pl aceto-
nitrile onto the system to remove any late eluting
compounds. Note: The acetonitrile wash step is

i required to prevent possible interference in the
chromatographic analysis of the next sample.

b. Calibration: The reference solutions described in Sec-
tion 4.b were prepared and analyzed in quadruplicate. The relative weight
response (Eq. 1) of PETN was calculated for each solution and the average
RWR utilized to determine the nanograms per milliliter of PETN in every
solution (Eq. 2). The nanograms per milliliter found were plotted against
the nanograms per milliliter added, and a linear regression evaluation of
the data was conducted. The slope, intercept, and correlation coefficient
were determined. The data are summarized in Table 1, which also presentsthe average value at each PETN level, the standard deviation, coefficient
of variation (relative standard deviation), and percent inaccuracy. The

I raw data and calculations are given in Table 4 of the Appendix.

RWR Peak Height PETN ng/ml IS (Eq. 1)
Peak Height IS ng/ml PETN

ng/ml or p s = Peak Height PETN ng/ml IS (Eq. 2)

plasma aliquot Peak Height IS - Avg. RWR

3 c. Plasma Sample Analysis: The plasma samples prepared as
outlined in Section 5.a were injected onto the HPLC system. The peak heights
of PETN and the IS were measured and recorded. Plasma samples were prepared

I and analyzed on four separate days.

I
* 5
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6. CALCULATION: The nanograms PETN per milliliter of plasma in
the prepared samples was determined using the relative weight response to
an internal standard method. The RWR values (Eq. 1) for PETN reference
solutions analyzed with a day's set of plasma samples were calculated and
averaged. The nanograms PETN per plasma aliquot was determined by Equation
2 and the nanograms per milliliter PETN calculated by dividing the nanugrams
per aliquot by the plasma sample volume (2.0 ml). The results for the du-
plicate determinations of PETN in plasma samples at five different levels
on four separate days are summarized in Table 2. The average level found,
the standard deviation, coefficient of variation, ard percent inaccuracy1
are also included. A linear regressinn evaluation of the data was made;
the slope, intercept, and correlation coefficient are given in the table. -,

Figure 2 presents the plot of the nanograms per milliliter PETN found
against the nanograms per milliliter added; the range shown at each level
represents two standard deviations from the average value at that level. A
graphic presentation of the standard deviation, coefficient of variation,
and percent inaccuracy for the determination of PETN in plasma is given in
Figure 3. Representative HPLC-UV (215 nm) chromatograms are shown for a
plasma sample blank (Figure 4), a 100 ng PETN/ml plasma sample (Figure 5),
and a 500 ng PETN/ml plasma sample (Figure 6). The raw data and calcula-
tions for the plasma sample PETN determinations are given in Tables 5 to 8
in the Appendix. .

7. STATISTICAL EVALUATION OF DATA: A statistical evaluation of
the data obtained for the determination of PETN in plasma samples (Table 2)
by the Hubaux and Vox detection limit program was made at the U.S. Army Toxic
and Hazardous Materials Agency. The results of this evaluation are given .1
in Table 3. The detection limit for PETN in plasma as determined by the
program was 50 ng/ml. The linear regression equations presented in Table 3
were generated using all the plasma samples, the blank plasma samples and
the plasma with PETl added. The average nanograms per milliliter value at
each level was calculated from the 48-point linear regression equation and
the nanograms per milliliter added at that level. The standard deviation
and percent imprecision (coefficient of variation) at each level were cal-
culated based on this average nanograms per milliliter value found. Thus,
these values and the values given in Table 2 (based on the average of the
eight assays at each level) are not comparable. The percent inaccuracy
terms in Tables 2 and 3 were calculated from the average of the eight data
points at each level and thus agree closely. -,

ii
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I HPLC Conditions

i Column: Spherisorb ODS, 5 v,

250 x 4.6 m ID
Eluent: 40Z acetonitrile in
high purity water

Flow Rate: 1.5 ml/min

is Detector: UV, 215 nm

3 Reference Solution Characteristics

Concentrations: PETN - 500 ng/ml;

IS - 500 rig/mi

PETN Injection Volume: 100 ul
i Attenuation: 0.005X

/ Retention Indices

iI J Retention Retention
Volume Time

I Compound (ml) (min)

IS 34.5 23

PM 42 28

In 15 30 45 nl
10 20 30 min

Figure 1 - HPLC-UV (215 nm) Separation of PETN SARM and Valerophenone (IS).

"X" indicates a contaminant in the PETN reference solution stock.

!I
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Figure 2 - Determination of PETN in Plasma
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KPLC Conditions

Column: Spherisorb ODS, 5 11,

250 x 4.6 amID
Eluent: 40% acetonitrile in

high purity water

is Flow Rate: 1.5 mi/min
Detector: UV, 215 nm I
SaMple Characteristics

2.0 al plasm extracted with

3 x 5 ul hexane. Hexane evaporated
and sample reconstituted to 1.0 ml.

TS Concentration: 500 ng/mi -

Injection Volume: 100 u1
Attenuation: 0.005X

12
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I HPLC Conditions

Column: Spherisorb ODS, 5 vi,

250 x 4.6 mm ID
Eluent: 40% acetonitrile in
high purity waterIis Flow Rate: 1.5 mi/mmn

Detector: UV, 215 =m

I Sample Chara!cteristics

2.0 ml plasma containing 100 ng/ml
PETN extracted 3 x 5 ml with hexane.
Hexane evaporated and sample recon-I stituted to 1.0 ml.

IS Concentration: 500 ng/ml
Injection Volume: 100 uil
Attenuation: 0.005X

I PETN

I' I

Inj 15 30 45 nl
10 20 30min

3 Figure 5 -HPLC Analysis of Plasma Containing 100 ng/ml PETN

1 13
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]
RP1A Conditions

Column: Spherisorb ODS, 5 j,
250 x 4.6 mm ID

Eluent: 40% acetonitrile inhigh purity water
is F~low Rate: 1.5 mi/min r

Detector: -UV, 215 nm

PETN Sample Characteristics

2.0 ml plasma containing 500 ng/ml
PETN extracted 3 x 5 ml with hexane.
Rexane evaporated and sample recon-
stituted to 1.0 ml.

IS Concentration: 500 ng/ml
Injection Volume: 100 Ul
Attenuation: O.O05X

InJ 15 30 45 mI

10 20 30 min

Figure 6 - RP Analysis of Plasma Containing 500 ng/ml PETN [
14 U
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I TABLE 4

LINEARITY AND PRECISION OF PETh DETERMINATION BY HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY

Reference ml b a Relative Calculatedd

solution PETN Peak Height (m) b  ml Weight ng/ml
Number Added PETN IS IS Response PETN

A-i 0 < 3 89.0 500 - NDe
A-2 50 6.0 93.6 500 0.641 47
A-3 100 12.0 88.0 500 0.682 101
A-4 200 23.0 87.0 500 0.661 196
A-5 500 58.8 85.0 500 0.692 512
A-6 1,000 89.0 116.0 500 0.652 964

B-1 0 < 3 90.0 500 - ND
B-2 50 6.0 90.0 500 0.667 49
B-3 100 12.4 88.4 500 0.701 104
B-4 200 25.4 94.0 500 0.676 200
B-5 500 60.0 88.4 500 0.679 502
B-6 1,000 88.0 118.6 500 0.674 997

[ C-1 0 < 3 90.0 500 - ND
C-2 50 6.0 90.0 500 0.667 49
C-3 100 12.6 90.0 500 0.700 104

, C-4 200 25.0 90.0 500 0.694 205
c-5 500 56.4 86.4 500 0.653 483
C-6 1,000 118.0 87.4 500 0.675 999

[ D-1 0 < 3 89.0 500 - ND
D-2 50 6.0 87.0 500 0.690 51
D-3 100 12.5 89.0 500 0.702 104
D-4 200 26.0 99.0 500 0.657 194
D-5 500 59.8 86.4 500 0.692 512
D-6 1,000 118.0 89.0 500 0.663 981

Average 0.676
Standard Deviation ±0.018i Relative Standard Deviation 2.7%

a ng/ml PETN and ng/ml IS - concentration of PETN and IS in nanograms per
3milliliter in each reference solution.
S b Peak Height (mm) - peak height of PETN and IS measured in millimeters.

c Relative Weight Response (RWR)

I Peak Height PETN ng/ml IS
SR Peak Height ISx ng/ml PETN

d Calculated ng/ml PETN - level of PETN calculated to be in the referenceL solution using the average RWR value for all solutins analyzed.
e ND - not detectable, less than 25 ng/ml.

17
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TABLE 5

DETERMINATION OF PETN IN PLASMA SAMPLES - DAY I

Sample ag'a Peak Heightb - a g/mi d
Volume PETN (m) ng PETN

Sample Number (ml) Added PETN Is IS Detected

Day-I A-i 2.0 0 < 3 110.0 500 NDe

Day-I A-50 2.0 100 8.0 116.0 500 26
Day-I A-100 2.0 200 21.0 125.0 500 63
Day-i A-200 2.0 400 35.4 130.6 500 102
Day-I A-500 2.0 1,000 93.0 125.0 500 279
Day-I A-1000 2.0 2,000 186.0 133.2 500 524

Day-I B-0 2.0 0 - 3 105.0 500 ND
Day-I B-50 2.0 100 9.6 115.0 500 31
Day-I B-100 2.0 200 20.0 105.0 500 72 ii
Day-1 B-200 2.0 400 40.0 112.0 500 134
Day-I B-500 2.0 1,000 98.6 109.8 500 337
Day-1 B-1000 2.0 2,000 187.2 104.2 500 674 II

Reference Solutions - Day I

Reference Relativef

Solution ng/mla Peak Height (mm)b nt/mlc  Weight
Number PETN PETN IS IS Response

Std-Day-l-5 1,000 118.8 85.6 500 0.694
Std-Day-i-2 100 13.0 91.0 500 0.714
Std-Day-l-4 500 60.0 90.0 500 0.667
Std-Day-1-3 200 26.4 100.0 500 0.660 ii
Std-Day-1-1 50 5.2 87.4 500 0.595

Average 0.666 i
Standard Deviation ±0.045

a ng or ng/ml PETN Added - nanograms of PETN added to 2.0 ml plasma or '1
present in reference solution.

b Peak Height (mm) - peak height in millimeters of PETN and IS in plasma
samples and reference solutions.

c g IS - nanograms of the internal standard added to the samples and
reference solutions for calculation.

d ag/ml PETN Detected - nanograms of PETN detected per milliliter of plasma.

ag/ml PETN = Peak Height PETN ng IS I
Peak Height IS Avg. RWR - 2.0 al plasma '

e ND - not detectable, less than 15 ng PETN per milliliter plasma.
f Relative Weight Response (RWR)

RWR Peak Height PETN Std ng/ml IS
Peak Height IS ng/ml PETN

18
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ITABLE 6

DETERMINATION OF PETN IN PLASMA SAMPLES - DAY 2

Sample nga Peak Heightb c ng/mld
Volume PETN (m)n8 PETN

Sample Number _l Added PETN IS IS Detected

Day-2 A-00 < 3 124.0 o0 NDe
Day-2 A-50 2.0 100 10.0 120.0 Soo 31

Day-2 A-100 2.0 200 18.0 115.4 500 58
Day-2 A-200 2.0 400 35.0 108.0 500 120
Day-2 A-500 2.0 1,000 96.0 121.2 500 294
Day-2 A-1000 2.0 2,000 176.0 125.0 500 523

Day-2 B-0 2.0 0 < 3 124.0 500 ND
Day-2 B-50 2.0 100 7.4 119.4 500 23

Day-2 B-100 2.0 200 17.0 122.8 500 51
Day-2 B-200 2.0 400 32.0 126.0 500 94
Day-2 B-500 2.0 1,000 76.0 124.0 500 228
Day-2 B-1000 2.0 2,000 170.0 122.4 500 516

Reference Solutions - Day 2

Reference Relativef

Solutiong/ma Peak Height (mm)b ng/mlc WeightNumber PETN PETN IS IS Response

Std-Day-2-4 500 55.8 84.8 500 0.658
Std-Day-2-5 1,000 116.0 83.2 500 0.697
Std-Day-2-3 200 24.2 88.0 500 0.683
Std-Day-2-3 200 22.8 88.6 500 0.643
Std-Day-2-5 1,000 116.0 85.0 500 0.682

Average 0.673
Standard Deviation ±0.022

3 a ng or ng/ml PETN Added - nanograms of PETN added to 2.0 ml plasma or
present in reference solution.

b Peak Height (mm) - peak height in millimeters of PETN and IS in plasma3 samples and reference solutions.
c ng IS - nanograms of the internal standard added to the samples and

reference solutions for calculation.
d ng/ml PETN Detected - nanograms Gf PETN detected per milliliter of plasma.

ng/ml PEN = Peak Height PETN ng IS 1
Peak Height IS Avg. RWR - 2.0 ml plasma

e ND - not detectable, less than 15 ng PETN per milliliter plasma.

f Relative Weight Response (RWR)
RWR= Peak Height PETN Std ng.'ml IS

I Peak Height IS ng/ml PETN

19
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TABLE 7

DETERMINATION OF PETN IN PLASMA SAMPLES - DAY 3

Sample' a Peak Heighb ag/mid
Volume tETN ng PETN

Sample Number (ml) Added PETN IS IS Detected 3
Day-3 A-0 2.0 0 < 3 122.0 500 NDe

Day-3 A-50 2.0 100 8.2 133.8 500 23
Day-3 A-100 2.0 200 17.0 122.6 500 53
Day-3 A-200 2.0 400 36.0 130.0 500 105
Day-3 A-500 2.0 1,000 86.8 123.0 500 269
Day-3 A-1000 2.0 2,000 182.8 131.0 500 531 -

•Day-3 A-0 2.0 0 < 3 116.0 500 ND
Day-3 B-50 2.0 100 8.0 114.8 500 27
Day-3 B-100 2.0 200 14.2 105.2 500 51 p
Day-3 B-200 2.0 400 36.0 116.0 500 118
Day-3 B-500 2.0 1,000 93.8 110.0 500 324
Day-3 B-1000 2.0 2,000 189.2 115.2 500 625 j

Reference Reference Solutions - Day 3 Relative f

Solution ng/ml a Peak Height (m) b ng/ml C Weight
Number PETN PETN IS IS Response

Std-Day-3-5 1,000 113.0 85.0 500 0.665
Std-Day-3-4 500 60.5 88.8 500 0.681
Std-Day-3-3 200 22.0 82.5 500 0.667
Std-Day-3-4 500 51.2 83.5 500 0.613

Average 0.657
Standard Deviation ±0.030

a ng or ng/ml PETN Added - nanograns of PETN added to 2.0 ml plasma or
present in reference solution.

b Peak Height (m) - peak height in millimeters of PETN and IS in plasma
samples and reference solutions.

c ng IS - nanograms of the internal standard added to the samples and
reference solutions for calculation.

d ng/ml PETN Detected - nanograms af PETN detected per milliliter of plasma.
ng/ml PETN Peak Height PETN ng IS I

Peak Height PT ngIS 1
Peak Height IS Avg. RWR 2.0 ml plasma

e ND - not detectable, less than 15 ng PETN per milliliter plasma. 1

f Relative Weight Response (RWR)
WR- =Peak Height PETN Std ng/ml IS

RWR x
Peak Height IS ng/ml PETN
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| TABLE 8

DETERMINATION OF PETN IN PLASMA SAMPLES - DAY 4

i Sample nga Peak Heightb c ng/mld

Volume PETN (mm) ng PETN
Sample Number (ml) Added PETN IS IS Detected

Day-4 A-0 2.0 0 < 3 134.0 500 ND e

Day-4 A-50 2.0 100 8.8 131.0 500 28
3 Day-4 A-100 2.0 200 22.0 132.0 500 70

Day-4 A-200 2.0 400 39.5 134.0 500 124
Day-4 A-500 2.0 1,000 106.0 131.8 500 3373 Day-4 A-100 2.0 2,000 195.2 131.5 500 623

Day-4 B-0 2.0 0 < 3 130.0 500 ND
Day-4 B-50 2.0 100 11.0 123.0 500 38
Day-4 B-100 2.0 200 16.0 103.4 500 65
Day-4 B-200 2.0 400 38.8 134.0 500 121
Day-4 B-500 2.0 1,000 99.4 130.6 500 319
Day-4 B-100 2.0 2,000 221.0 127.0 500 730

Reference Solutions - Day 4

* Reference Relativef

* Solution rg/m a Peak Height (mm)b ng/ml c Weight
Number PETN PETN IS IS Response

Std-Day-4-5 1,000 106.0 94.5 500 0.561
Std-Day-4-2 100 12.0 101.8 500 0.589
Std-Day-4-2 100 13.0 102.0 500 0.637

Average 0.596
Standard Deviation ±0.039

a ng or ng/ml PETN Added - nanograms of PETN added to 2.0 ml plasma or
present in reference solution.

" b Peak Height (mm) - peak height in millimeters of PETN and IS in plasma
samples and reference solutions.

c ng IS - nanograms of the internal standard added to the samples and
reference solutions for calculation.

d ng/al PETN Detected - nanograms of PETN detected per milliliter of plasma.
ng/al PETN = Peak Height PETN ng IS 1

Peak Height IS Avg. RWR 2.0 ml plasma

e ND - not detectable, less than 15 ng PETN per milliliter plasma.
f Relative Weight Response (RWR)

IW =Peak Height PETN Std ng/ml IS
Peak Height IS ag/ml PETNI

2
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IDENTIFICATION OR DEVELOPMENT OF CHEMICAL ANALYSIS
I METHODS FOR PLNTS AND ANIMAL TISSUES

METHOD REPORT NO. 6

METHOD DEVELO0PMENT FOR THE DETERMlINATION OF DINITROTOLUENE (DNT)

AND TRINITROTOLUENE (TNT) IN PLANT STEMS

1 November 1980

Contract No. DAAK11-79-C-0110

MRI Project No. 4849-A

3 For

U.S. Army Toxic and Hazardous Materials 
Agency

Dr. L. Eng, DRXTH-TE-A, Project 
Officer

3 Aberdeen Proving Ground (EA), MD 21010
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The views, opinions, and/or findings contained in this report
are those of the authors and should not be construed as an
official Department of the Army position, policy or decision,
unless so designated by other documentation.
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A high performance liquid chromatographic (HPLC) method for the quantita-

tive determination of dinitrotoluene (DNT) and trinitrotoluene (TNT) in plantI ~Stems has. been developed. The analytical system consists of an isocratic HPLC
unit with a Spherisorb ODS 5 p, 250 x 4.6 - ID colmn, an eluent of 30% aceto-
nitrile in 12 acetic acid in water, and a flow rate of 1.5 ml/nin. The comn-1 Pounds, including the internal standard (IS). propiophenone, have the following
rermtion characteristics: IS - 24 al, 16 fin; DNT - 31.5 ol, 21 min; and
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TNT - 34.5 ml, 23 min and are detected at 254 nn. Reference solutions of the
compounds gave a linear response from 100 ng/ml to 2,000 ng/ml. The plant stem
matrix was prepared by adding 2-g sodium chloride to 5-g grounded stems in
10-ml water and extracting the sample with 20-ml hexane containing 2% isopro- I
panol. The hexane extract (10 ml) was transferred to a culture tube and evap-
orated to dryness at room temperature under a stream of nitrogen gas. A 500-4i
aliquot of acetonitrile containing 1,000 ng IS was added followed by 500-1
high-purity water. The prepared sample was filtered through a 0.45 p Fluoropor,
filter and injected onto the HPLC system. The analytical method was evaluated
by preparing and analyzing duplicate 5.0-g plant stems samples containing 0, I
50, 100, 200, 500 and 1,000 ng/g of each munition on four succeeding days.
Linear regression analysis of the data gave the following equations and corre-
lation coefficients: DNT - y - 0.514x + 7, 0.923 nnd TNT - y - 0.449x + 10, I
0.957. "he average coefficient of variation and average percent inaccuracy
for DNT and TNT determination in plant stems were 38%, -43 and 33%, -48, respec-
tively. A statistical evaluation of the data by Hubbaux and Vos detection
limit program gave detection limits of 65 ng/g for DNT and 90 ng/g for TNT for
HPLC determination of these compounds in stem samples.
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Analytical Chemistry Department

Kansas City, Missouri 64110

for

U.S. Army Armament Research and Development Command
Aberdeen Proving Ground (Edgewood Area)

Maryland 21010

Contract No. DAAKII-79-C-0110

Identification or Development of Chemical Analysis Methods
for Plants and Animal Tissues

METHOD DEVELOPHENT FOR THE DETERMINATION OF DINITROTOLbENE (DNT)3 AND TRINITROTOLUE!E (TNT) IN PLANT STEMS

1. APPLICATION: The developed method is for quantitative deter-
mination of DNT and TNT in plant stems samples using high performance liquid
chromatography (HPLC) with ultraviolet (UV) detection at 254 rm.

a. Evaluated Concentration Range: The cnncentration range
of DNT and TNT studied in reference solutions was 100, 5L-, 1,000, 1,500,
and 2,000 ng/ml and in plant stems samples was 50, 100, 200, 500, and 1,000
ng/g (parts per billion, ppb).

. b. Sensitivity: A signal-to-noise ratio of 9 to I for DNT
(PH - 40 mim) and 8 to I for TNT (PH - 30 m) was obtained with an injection
of 50 pl of a 100 ng/ml solution of each compound (ca. 5 ng each compound
on column).

c. Detection Limits: The detection limits in the plant stem
matrix were 65 ng/g for DNT and 90 ng/g for TNT using the Hubaux and Vox
detection limit program.

d. Interferences: Small plant component peaks were observed
at the elution position cf DNT and TNT in the blank plant stems sample and
represented about 5 ng/g each for DNT and TNT. Two other munitions, cyclo-
trimethylenetrinitramine (RDX), CAS Reg. No. 121-82-4, and 2,4,6-trinitro-
phenylmethylnitramine (tetryl), CAS Reg. No. 479-45-8, were also included
in these evaluations. RDX co-eluted with a large plant stem component and
thus could not be determined. The HPLC elution position of tetryl was rela-
tively free from plant stem component interferences, and in some samples a
peak at the elution position of tetryl was observed. However, the recovery
of the peak (tetryl) was low and inconsistent from sample to sample, thus

preventing the determination of tetryl.

e. Analysis Rate: The chromatographic time per injection
was 40 min. Two reference solttions were analyzed prior to injecting the
prepareJ samples, and two were analyzed during the day (160 min total time).
Thus, a total of eight prepared plant stems samples.(320 min total time) can
be analyzed during an 8-hr day.
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2. CHEMISTRY: DNT (CAS Reg. No. 121-14-2) and TNT (CAS Reg. No. J
118-96-7) have limited solubility in water and nonpolar organic solvents;
however, they have good solubility in intermediate polarity and polar sol-
vents. Each of these munitions has a sufficient UV chromophore at 254 m
to allow lV detection and quantification at the required levels.

3. APPARATUS:

a. Instrumentation: A Waters isocratic liquid chromato-
graphic system consisting of a Model 6000A pump, Model U6K injector, and
Model 440 UV detector. A general purpose centrifuge (Dynac, Clay Adams |
0101) with a 24-place head.

b. KPLC Parameters:

1. Column: Spherisorb ODS, 5 p, 250 x 4.6 mm ID.

2. Eluent: 30% acetonitrile in 1% acetic acid in water. I
3. Flow rate: 1.5 ml/mi.

4. Detector: UV, 254 nm.

5. Internal standard: Propiophenone, 1,000 ng/ml.

6. Injection volume: 50 to 100 pl.

7. Retention volumes and times: DNT, 31.5 ml, 21 min;
TNT, 34.5 ml, 23 min; and IS, 24 ml, 16 min in the
30% acetonitrile eluent. NOTE: Slight changes in
the retention indices may occur with fresh eluent
or a change in column.

A representative HPLC chromatogram for DNT and TNT is shown
in Figure 1. Also included on the chromatogram are peaks for the internal1
standard (propiophenone), RDX, and tetryl.

c. Laboratory Glassware and Equipment: J
1. Culture tubes (Pyrex) with Teflon-lined screw caps.

2. Centrifuge tubes (Oak Ridge type, polypropylene,
Nalgene 3119, capacity 50 ml) with screw caps.

3. Volumetric flasks (100 ml).-

4. Volumetric syringes (0-100 pl, 0-500 pl, and
0-1,000 pl).

5. Automatic pipetter (0-5 ml).
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1 6. Six-speed Waring-type blender with glass container.

7. Teflon-glass, motor-driven tissue homogenizer.

1 8. Filtering apparatus including filter holders, 5-ml

disposable syringes, and 0.45 p Fluoropore filters.

I 9. Inert gas (nitrogen) drying train with 12 ports.

10. Ultrasonic cleaner (50/60 Hz type).

d. Chemicals:

I. DNf and TNT SARS, obtained from the U.S. Army Toxic
and Hazardous Materials Agency.

l 2. Propiophenone (internal standard), analytical grade.

3. Acetonitrile, hexane, and isopropanol (IPA), "Distilled
in Glass" grade. The extracting solvent was 2/98

I v/v isopropanol:hexane.

4. Acetic acid and sodium chloride, ACS grade.

1 5. Hig,, purity water from a Hilli-Q water purification
system.

6. Dry ice.

4. STANDARDS:

a. Stock: Weigh approximately 20 mg of RDX, DNT, TNT, and
tetryl SAR or interim SAR into separate 100-ml volumetric flasks. Dissolve

each compound in acetonitrile and dilute to volume. The concentration of

each compound is 200 pg/ml. Quantitatively pipette 20 ml from each stock
above into a 100-ml volumetric flask and dilute to volume with distilled
water. Concentration of each compound is 40 pg/ml.

b. Working: Pipette 10 ml of the 40 pg/ml each compound
stock into a 100-ml volumetric flask and dilute to volume with high purity
water. Concentration of each compound is 4 pg/ml. Reference solutions were

prepared from this stock as follows:

Concentration
p1 Working pl IS pl 10% Acetonitrile Each Compound

Stock Stock* in Water (ng/ml)

500 500 0 2,000

375 500 125 1,500

1 250 500 250 1,000

* 3
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Concentration ]
pl Working p1 IS p! 10% Acetonitrile Each Compound

Stock Stock* in Water (ng/ml)
I

125 500 375 500

25 500 475 100

0 500 500 0

* Preparation of IS stock given in "c." I
c. Internal Standard Stock: Weigh 10 mg propiophenone into I

a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 100 pg/ml). Quantitatively pipette 10 ml of the 100 pg/ml stock into
a 100-ml volumetric flask and dilute to volume with acetonitrile (concentra-
tion, 10 pg/ml). A final working solution of 2.0 pg/ml is prepared by pipet-
ting 20 ml of the 10 pg/ml stock into a 100-ml volumetric flask and diluting
to volume with acetonitrile. J

5. PROCEDURES FOR PLANT STEMS SAMPLE DETERMINATION:

a. Plant Stems Sample Preparation: The procedure employed J
to prepare stems samples for the HPLC-DV determination of DNT and TNT con-
sisted of:

1. Place approximately 50 g of green plant stems I
(precut into k in.) into a Waring-type blender
and blend for 1 min on speed six (liquify). To
prevent the pieces of stems from sticking to the 1
side of the blender walls, place small chunks of
dry ice into the blender prior to blending.
NOTE: The side of the blender should be scraped
with a spatula.

2. Pipette duplicate aliquots of the working stock
(4 pg/ml each RDX, DNT, TNT, and tetryl) into the
polypropylene centrifuge tubes at the following
levels: 5,000 ng (1.25 ml); 2,500 ng (0.625 ml);
1,000 ng (0.25 ml); 500 ng (0.125 ml); and 250 ng I
(0.0625 ml). Also, prepare two tubes to serve as
plant stem blanks. All tubes are adjusted to a
total volume of 10 ml with high purity water.

3. Accurately weigh 5.0 g homogenized plant stems into
each of the 12 polypropylene centrifuge tubes (with
different levels of compound). Cap the tubes and I
mix thoroughly with hand shaking.

4
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14. Weigh 2 g sodium chloride each into the tubes and
again mix thoroughly with hand and vortex mixer.

5. Extract the stems with 20 ml hexane (2% IPA)
("distilled in glass" grade) by vortexing and hand
mixing for 30 sec followed by centrifugation at

1 1,000 rpm for 10 min.

6. Transfer 10 ml of the hexane (2% IPA) extracts to
properly labeled culture tubes with Teflon-lined
screw caps.

7. Evaporate the hexane (2% IPA) at room temperature
under a stream of nitrogen. NOTE: Do not heat the
samples during the evaporation step, or loss of DNT
and TNT may occur. Continue evaporation until
hexane-IPA has been completely removed from the
culture tube.

8. Dissolve the residues in 500 pl acetonitrile containing
I,COO ng IS, i.e., internal standard working solution,
mix thoroughly on a vortex mixer, and then place in

ultrasonicator for approximately 5 min.

1 9. Add 500 pl high purity water to each extracted stems
sample and mix thoroughly on a vortex mixer.
NOTE: Final volume of the prepared samples is
1.0 ml.

10. Filter the solutions through 0.45 p Fluorepore
filters into culture tubes.

11. Analyze a 50- to 100-pl aliquot of each prepared
I stem sample by HPLC.

12. After the elution of TNT peak, wash the column for
3 min with 100% acetonitrile at 1.5 ml/min to

remove any late-eluting compounds. NOTE: The
acetonitrile wash step is required to prevent
possible interference in the chromatographic
analysis of the next sample injection.

13. After the 3-min wash, switch the system back to the
eluent. Allow approximately 7 min for equilibra-
tion prior to the next injection.

b. Calibration: The reference solutions described in Sec-
tion 4.b were preparedand analyzed in quadruplicate. The relative weight
tIon 4.b ach c n t he
response (RWR) (Eq. ) of each compound was calculated and the average RWRutilized to determine the nanograms of each compound in every referen~ce so-
lution (Eq. 2). The nanograms found were plotted against the Panograms added.

S25
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The slope, intercept, and correlation coefficient for each compound were I
determined. The data are summarized in Table I and include the average value
at each level for each compound, the standard deviation, coeflicient of vari-
ation, and pcrcent inaccuracy. The raw data and calculations are given in I
Table 6 of the Appendix.

RWR= Peak Height Cpd ng/ml IS (Eq. 1)
Peak Height IS ng/ml Cpd

or ng/5 X compound = Peak Height Cpd ng/ml IS (Eq. 2)
Peak Height IS Avg. RWR

c. Plant Stems Sample Analysis: The plant stems samples
prepared as outlined in Section 5.a were injected onto the HPLC. The peak
height of each compound was measured and recorded. Plant stems samples were 1
prepared and analyzed on four succeeding days.

6. CALCULATION: The level of each compound in the 5.0 g plant
stems samples was determined using the relative weight response to an inter-
nal standard method. The RWR values (Eq. 1) for the reference solutions
analyzed with a day set of plant stems samples were calculated and the aver-
age values for DNT and TNT determined. These RWR values were employed to
calculate the level of DNT and TNT in the plant stems samples (Eq. 2) where
the nanograms per milliliter term represents the level found in the 5.0 g
sample. The nanograms per gram of each compound were determined by dividing
the level found by the sample weight. The results for the duplicate deter-
minations of DNT and TNT in plant stems samples at five different levels on
four separate days are summarized in Tables 2 and 3. The average level found, j
the standard deviation, coefficient of variation, and percent inaccuracy
are also included. A linear regression evaluation of the results was made;
and the slope, intercept, and correlation coefficient are given in the tables.
The level of each compound found in the plant stems samples was plotted against
the amount added, and these data are shown in Figures 2 and 3. The range
presented at each level is two standard deviations of the average level found.
A graphic presentation of the standard deviation, coefficient of variation, .i
and percent inaccuracy for the determination of DNT and TNT in plant stems
samples is given in Figures 4 through 6, respectively. Representative HPLC
chromatograms are shown for a plant stems sample blank (Figure 7), a 50 ng/g
(Figure 8), and a 500 ng/g (Figure 9) each compound plant stems sample.
The raw data and calculations for the plant stems sample determinations are
given in Tables 7 and 10 in the Appendix. if

7. STATISTICAL EVALUATION OF DATA: A statistical evaluation of
the data obtained for the determination of DNT and TNT in plant stems sam-
ples (Tables 4 and 5) by the Hubaux and Vos detection limit program was made

S276(i__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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at the U.S. Army Toxic and Hazardous M3terials Agency. The results of these
evaluations are given in Table 4 for DNT and Table 5 for TNT. When the 1,000-
and 500-ng/g data points were omitted, the detection limit for Dyr in plant
stems as determined by the program was 65 ng/g. For TNT, the detection limit
was 90 ng/g when the 1,000-ng/g data points were omitted. Removal of the
500-ng/g data points from the TNT detection limit calculation resulted in a

9 detection limit below the lowest target concentration, 50 ng/g. The average
Inanograms per gram value found at each level for each compound was determined

from the linear regression for the 48 data points and the nanograms per gram
added at that level. The standard deviation and percent imprecision (coeffi-
cient of variation) at each level were calculated based on this average nano-
grams per gram value found. Thus, these values and the values given in Tables
2 and 3 for these terms (based on the average of the eight assays at each
level) are not comparable. The percent inaccuracy term was calculated from
the average of the eight data points at each level, and thus agrees closely
with the values in Tables 2 and 3.

I
I

I
I

I
'I
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HPLC Conditions l
Column: Spherisorb ODS, 5 pi,

250 x 4.6 mm ID
Eluent: 30% acetonitrile in

1% acetic in water I
Flow Rate: 1.5 mi/min
Chart Speed: 0.1 in./min

Detector: UV, 254 nm i
Sample Characteristics I
Concentrations: RDX, DNT, TNT,

and tetryl - 500 ng/ml;
IS - 1,000 ne/ml

Injection volume: 70 pl
Attenuation: 0.01 X I

DNT

Retention Indices .
Retention Retention

Volume Time
RDX TNT Compound -(ml) --(min)

RDX 13.5 9 .
is 22.5 15
Tery NT 34.5 23

terT NT 31.5 21
tetryl 39 26

Inj 15 30 mlI1
10 20 min

Figure 1 -HPLC Separation of RDX, DNT, TNT, and Tetryl
SARMS and Propiophenone (IS)

8 i
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i X DPtC Conditions:

is Column: Spherisorb ODS, 5 v,

250 x 4.6 = TD
Eluent: 30% acetonitrile in
1% acetic acid in water

Flow Rate: 1.5 ml/mn
Chart Speed: 0.1 in./mn

*-'  Detector: UV, 254 nrm

Sample Characteristics:

5.0 g plant stem extracted with
20 al hexane (2% IPA). Extract
evaporated, and- residue recon-
stituted with 500 u1 acetoni-
trile and 500 ul water.

IS Concentration: 1,000 ng/ml
Injection Volume: 70 ul
Attenuation: 0.01 X

tetryl

DNTThT j

InJ 15 30 ml

10 20 min

Figure 7 - HPLC Analysis of Blank Plant Stems. Sample for DNT and

TNT Method Development. Arrows indicate elution positions for
RDX, DNT, TNT, and tetryl.I
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]
I

RHPLC, Conditions:RDX

Column: Spherisorb ODS, 5 p,

250 x 4.6 =r ID

IS Eluent: 30% acetonitrile in
1% acetic acid in water

Flow Rate: 1.5 ml/mln

Chart Speed: 0.1 in./min
Detector: UV, 254 nm

Sample Characteristics: }
5.0 g plant stem containing 50 ng/g
each munition extracted with 20 ml
hexane (2% IPA). Extract evapor- -

ated, and residue reconstituted
with 500 4i acetonitrile and 500 V1
water.

IS Concentration: 1,000 ng/ml I

Injection Volume: 70 I1I ~ Attenuation: 0.01 X .

II ]I

DNT

TNT tetryl

Inj 15 30 ml

10 20 min

Figure 8 - LC AnalysiR of Plant Stems Containing 50 ng/g

of RDX, DNT and TNT. 'T' denotes plant component. Muni-t
tion elution positions Indicated by arrows.
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x
D. DNT HLC Conditions:

Coluni: Spherisorb ODS, 5 v,

250 x 4.6 m ID

is Eluent: 30% acetonitrile in

1 acetic acid in water

Flow Rate: 1.5 eml/min

Chart Speed: 0.1 In./min

Detector: UV, 254 nz

Sample Characteristics:

5.0 g plant stem containing 500

TNT ng/g each munition extracted
with 20 al hexane (2% IPA).

Extract evaporated, and residue

reconstituted with 500 ul aceto-

nitrile and 500 U1 water.

IS Concentration: 1,000 ng/ml

Injection Volume: 70 41
Attenuation: 0.01 X

te tryl

Tnt 15 30 ml

10 20 min

Figure 9 - HPLC Analysis of Plant Stems Containing 500 na/g

RDX, DNT, TNT, and Tetryl. "X" indicates elution position

plant component Interfering with RDX.
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TABLE 6 (concluded)

Relative Weight Response

Relative I
Standard Standard

Average Deviation Deviation

RDX 0.95 -t 0.05 5.2%
DNT 1.07 t 0.05 4.9%
TNT 0.89 t 0.04 5.1% 1

Li

-7

.I

-I

~1

S.1

294



u 41

4h4,4I %OO.'% ' %0 a 0%00% #I

cm- .04

0000 000000

C C0 , 0 N 0C n0uq

p.4 r- -c

0 Ila
I-c

000000 00000

W*1w' ' D'

U 25

. - 295



00'00 00 Goo]
0 coca0 @00

* l

0 00 00

04

.MA00T 2.4 0*

41 ".4 U %il t > ., 41
0441 .44 > Af 4 .0

04 0- 0)

03 4. w1 ~ 0
0 0 0a 0 0

o 41N
V 4 4 1

) 8 00 0 3

U2 0n 00V 2 1. 41 - 0

43 41 e4 4 o

'-~~ 4041' 4

(u u
im 1 441 V 04

x4 4 1 >0

V 0 U, 0

%0 C4 NO -4

0 0 V 0 -
144 04 0 U3 . -.

(A 04 !; u

I0 '-' 0 0 l2l Co o0 -410 Coco @3 0 0 bd 0 W1
041 0 0 0C3 . .

UOVI~~4 000 U 10 4 @
-.. 04V~a CL4U,.

go 41 -
00~~~~ I 4 04 0

93 0 4-4 0 41 0J 4)W
0 0 0 1 -04 @

411 0 1.
45 0 01 01 .4

0 $4

0'4. I w0 1. 41 1.C3 z 4 4 .0 to 420 0 6
W 01 V 1 04 0 1 1 00 a* 0: cc "4 .

V 410 410 41 410
V2~ wearn (a04 04 A

@041 ~ P4- 4 * 4 1 9 4126

.0 ~00 1 0 0 >296



I~~~f 0'%~ (~O4 M

I0 v

(n Cs &M %0 m 0040 ON

A %ak - nin . n nL

ea 1I ~ 00.070.0.

00 00 00 0

w C14 --- -y co %D - 0-

C- s l I II I
coU

'U 0!

0

a wlW iV & t ).n0L nL
is

0 *a000000 000000

c00 000
00000 00000

In 0 0u0 0 i 0 0 J0

fI I I I I I S

297



44-

V a

0.
+ 0 4 4

41.10 p 4U~~~i 00 0o 41 V-
III 000 00r W4

(44

41 c4 Is .
-. Coco 4 mE-4

SIM 0 -

4.4 1.

01 0. V

0000 0

en hO en

0~~ 0 ae.- 00W.40 0

.,@ V t* 0

I. I 4)4 000040 ac 'a0
41 V V 00 0 t*,-F A C400 O Vq W 00j

000

00,

u t Ca 0 0U
.0 1I c 2U 1 4-4 I. 1

lu *1

10 41. 41i ~ P
44 1V -. 4 .0 00000 c 0 v 0.

*-' .04 0jJmO 0 0 00 M 4 0

luU a Vw u
tU a44 0 r VOU4

di0 4 w0 00 du -% 1 P 4 1-

000 00 444 wo V . U0l

O44 1010
41 41 41

AOU cn u3 cc340 V

O~28

298 W 0
V3 jl



~~43

a',,

431 COC ON 00000%Q

0 0 00 000000o &
00 00 00 0

N 'IN %T C O TI

0 '-N N g-

0 4

.0 1-N43NL

000000 000000
v -w ai

'n a " L" C4 4V)I
02

I .so.~, 0 0000 0000



A 400 o o G

" 14

440

C, C4 C4

.1 93 -0A

0 
Co 4;JCJ

be4 44 4' 0 M - .0 

I.4 C

si V ac-

4' 0

o00 -lA
000 COO 0. 3

010 40 . 0 ULm - 4 (. &4

40' 0 0(,i t

4' Ad U

000

0 .0
.040 u -

*041.C a0 t

I I IrA~~ -uAAI nj

C3 14
:14444' '

0u 0 0 0 41 4 1 4 4.1

n Cn u

30

300 L



u

N in

~~4 C 1O0 04 ~ . .~~-

- 0 0 0 0 0 0 0 0 0 0cU! 00000 000000 C

[ NO N

Jd ~0 0 C4...........................

0

10 ' in M W 4n M I
[ u ina c00V0 A0

flu - N4 ' 0

41"4

311
301



+110I
AI

to,
alma

a 44

.0 0

41 991 1 14: VA1
to, .It n ) tw 4J

a.4 # 1 0000 In4 0 go A L
00004 .1 e 0

.~~~l 0 1 i11
U3 C c o.P4. to

o 0 0-t O cci
L U2 0 ~ 4-4 1 VA ci

0 0 f

.,40 0 -

10 000 . q

IO 4.) 0

4) cca 0

F!I 0ii
4.1.9 MC.

... 4 ~004~ 0 60 6
Old Coc w 1 a".e,

4 00 Co o0 0.

CIO 0 in -- ,iu1-N

w 44 in w c:
0.0 u4
32 o j 4

30 _ I



DISTRIBUTION LIST

Distribution No. of Copies

DCASMA, Kansas City 1

Room 201, Noland Plaza Office Building
3675 South Noland Road
Independence, MO 64055

Defense Logistics Studies Information Exchange 2
U.S. Army Logistics Hanagement Center
Fort Lee, VA 23801

Defense Technical Information Center 12
Cameron Station
Alexandria, VA 22314

Comander
U.S. Army Toxic and Hazardous Materials Agency
Attn: LRXTH-TE-A 4
Attn: DRXTH-ES 2Aberdeen Proving Ground, MD 21010

Commander
U.S. Army Environmental Hygiene Agency
Attn: HSE-AA-L
Aberdeen Proving Ground, MD 21010

Commander-Director I
Chemical Systems Laboratory
Attn: DRDAR-CLB-R

*'Aberdeen Proving Ground, MD) 21010

SDr. David H. RosenblatI

U.S. Army Medical Bioengineering Research
~and Development Laboratories

Fort Detrick
Frederick, MD 21701

Cold Regions Research and Engineering Laboratories
Box 282
Lyme Road
Hanover, NH 03755

6.4

All -


